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APPERDIX  I 

rmsiCAL  pRoyERTiES  OP  mr50G3s  ESRcma 

A.  ■  GERERAL  IDENTIFICAHOR 

1.  Molecular  Fommla 

Vr 

2.  Molecular  Weight 

34.016 

3.  Structure  and  Molecular  Paraaeters 

The  most  videly  accepted  structure  of  hydrogen  peroxide  Is 

given  below. 


and  is  designated  as  a  skew  eha^. 
the  vapor  state  are  as  follows 

Bond  Lengths,  A 


The  nost  probable  molecular  dimensions  in 


OH 


0.97  +  0.005 


00 


1.49  +  0.01 


Bond  Angles,  degrees 


^  95  +  10 

e  100 


I 
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4.  Preazlng  (Melting)  Points 


a.  Aohydrous  R/drogen  Peroxide 

She  freezlog  (melting)  points  of  anhydrous  hydrogen  per> 
oxide  have  been  reported  by  a  number  of  investigators  and  stost  of  the  values 
given  agree  very  closely  as  shown  in  the  foUoving  table. 


- Temperature 

•p  *K  Percent  Melted  Ref. 


31.262 

-0.4l 

272.75 

not  given 

2,  as  quoted  in  Ref. 

3 

31.226 

-0.U3 

272.72 

not  given 

4,  as  quoted  in  Ref. 

3 

31.217 

-0.435 

272.725 

100 

2,  as  quoted  in  Ref. 

5 

31.217 

-0.435 

272.725 

98.8 

2,  as  quoted  in  Ref. 

5 

31.197 

-0.446 

272.714 

65.2 

2,  as  quoted  in  Ref. 

5 

31.186 

-0.452 

272.708 

49.9 

2,  as  quoted  in  Ref. 

5 

31.170 

-0.461 

272.699 

not  given 

6,  as  quoted  in  Ref. 

3 

Schumb, 

et  al.^^^ 

reccmmend  a 

value  of  -0.43*0  (31.226*F). 

b.  Freezing  Points  of  the  Rydrogen  Peroxide-Water  System 

de  data  of  Schumb,  et  al,^^^  given  belptf  are  believed 
to  be  the  most  reliable,  but  similar  dataare  given  by  Foley  V®)i  0lguere(7), 
Kuba8chevski(°)  and  Mae8s(9}.  It  should  be  noted  that  hydrc^en  peroxide  solu¬ 
tions  have  a  very  marked  tendency  to  supercool,  dls  tendency  is  discussed  in 
detail  by  Schusib,  et  al.(^) 


vt^ 

Temperature 

Temperature 

w 

In 

•c 

•  V2 

•f 

l£ 

100* 

31.23 

-0.43 

48.6 

-61.6 

-52.0 

98** 

27.5 

-2.5 

45.2 

-62.0 

-52.2 

95 

21.9 

-5.6 

45 

-61.1 

-51.7 

90 

11.3  ■ 

-11.5 

40 

-42.5 

-41.4 

85 

-0.2 

-17.9 

35 

-27.4 

-33.0 

80 

-12.6 

-24.8 

30 

-14.3 

-25.7 

75 

-26.1 

-32.3 

25 

-3.1 

-19.5 

70 

-40.5 

-40.3 

20 

+5.7 

-14.6 

65 

-56.2 

-49.0 

15 

13.5 

-10.3 

61.2 

-69.0 

-56.1  Eutectic 

10 

20.5 

-6.4 

60 

-67.9 

-55.5 

5 

26.8 

-2.9 

55 

50 

-63.9 

-62.0 

-53.3 

-52.2 

0 

32.0 

0.0 

#  Bee 

the  prscedlcg  seetlcn  for  freezing  points  of  anhydrous  hyd 

**de  value  cited  was  obtained  ftca  a  graphical  interpolatica  of 

PBg«  2 


(1) 
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e.  Freezing  Points  of  Verlous  Hydrogen  Peroxide  Systeas 

The  freezing  points  and/or  solubilities  of  a  relatively 
large  nunber  of  systems  containing  hydrogen  peroxide  have  been  reported.  The 
large  volume  of  data  Involved  and  the  low  order  of  Is^ortance  of  these  data 
to  the  evaluation  of  high-strength  hydrogen  peroxide,  however,  precludes 
presentation  here.  Reference  to  these  data  are,  however,  given  in  the  fol¬ 
lowing  table: 


Solute 

Ref. 

Solute 

Ref 

• 

Acetic  acid 

10 

Cxallc  acid 

13 

Ammonia 

11 

Petroleim  ether 

Ammonlxim  nitrate 

12 

(pentane,  hexane) 

20 

Ammonium  sulfate 

13 

Piperidine 

15 

Barium  pyrophosphate 

lU 

Potassium  and  sodium 

n-Butylamlne 

15 

chlorate 

18 

t-Butylamlne 

15 

Potassium  and  sodium 

Diethyl  or  dimethyl 

phosphates 

21, 

22 

phthalate 

16 

Potassium  chloride 

13, 

18, 

19 

23, 

2k 

Dlethylamlne 

15 

Potassium  nitrate 

18, 

19, 

23, 

Dlethylene  glycol 

17 

Potassium  peroxysulfate 

25 

Di-lso-butylamlne 

15 

Potasslm  sulfate 

15, 

18, 

19, 

2k 

25 

Dlmethylanillne 

15 

Sodium  carbomte 

22 

Ethyl  ether 

15 

Sodium  chloride 

11, 

19 

Lead  nitrate 

IS 

Sodium  fluoride 

15, 

19 

Lithium  nitrate 

19 

Sodium  nitrate 

11, 

18, 

19, 

23: 

26 

Lithium  sulfate 

19 

Sodium  sulfate 

11, 

ll*. 

19 

Methyl  alcohol 

15 

Sucrose  (sugar) 

U 

Methyl  methacrylate 

16 

Sulfuric  acid  (sulfur 

dioxide) 

10, 

13, 

15, 

25 

Triprqpylamlne 

15 

5.  Bolling  Points  of  the  Hydrogen  Peroxide-Watex-  dystea 

Ibe  most  reliable  boiling  points  of  hydrogen-peroxide  solutions 
have  been  obtained  by  Interpolation  of  vapor  pressure-ccmposltlon  curves  for 
various  te2iperatures.(l)»(27)  Biese  values  are  given  In  the  following  table  and 
are  valid  as  long  as  no  decomposition  occurs  upon  boiling.  It  should  be  noted 
however,  that  at  cQl  concentrations,  some  evolution  of  oxygen  resulting  from 
decomposition  can  be  anticipated  and  the  boiling  points  normally  obse^ed  will 
be  lowered  to  an  extent  dependent  upon  the  amount  of  decomposition. (3>) 
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wt.  ^ 

V2 

Temocrature 

sole  % 

S2°2 

Tesnerature 

12 

IS 

12 

Is 

100 

302.4 

150.2 

100 

302.4 

150.2 

98 

299*2 

143.4 

90 

293.2 

145.1 

90 

286.2 

141.2 

80 

283.5 

139.7 

80 

271.0 

132.8 

70 

273.2 

134.0 

70 

257.8 

125.4 

60 

262,8 

I2S.2 

6o 

246.2 

119.0 

50 

252.1 

322.3 

50 

237.0 

113.9  • 

40 

242.1 

116.7 

40 

229.3 

109.6 

30 

232.7 

111.5 

30 

223.3 

106.3 

20 

224.4 

106.9 

20 

21B.5 

103.6 

10 

217.4 

103.0 

10 

214.7 

101.5 

0 

212.0 

100.0 

0 

212.0 

100.0 

Bote  that  boiling  concentrated  hydrogen  peroxide  at  or  above 
atmospheric  pressure  often  leads  to  significant  decccaposltlon  or  an  explosion; 
however,  smooth  boiling  with  minimal  decomposition  can  be  accoc^lished  in  very 
carefully  cleaned  containers  made  of  noncatalytic  materials (l). 

6.  Triple  Bolnt  of  Anhydrous  Hydrogen  Peroxide 

Triple-point  tcn^jeraiure^®^  *  -0.42*C  (31»24*F) 

Triple-point  pressure(l)  =  0.26  mm  Hg  (0.005  psla) 

7.  Critical  Properties  of  Bydroffen  Baroxlde 

On  the  assumption  that  the  ratios  of  critical  temperature  to 
normal  boiling  point  are  the  same  for  both  hydrogen  peroxide  and  water,  Scatchard, 
et  al.(27)  calculate  the  critical  temperature  of  hydrogen  peroxide  to  be  1;57*C 
(855*F).  By  using  the  vapor  pressure  equation  they  developed  for  hydrogen 
peroxlde(27;  they  calculate  the  critical  pressure  to  be  2lU  atm.  psia). 

Die  accuracy  of  these  estimates  is  unknown  and  experimental  verification  does 
not  appear  likely. 

The  critical  properties  of  hydrogen  peroxide-water  solutions 
are  not  available;  however,  pseudocritical  properties  nay  often  be  used  in  their 
place  and  are  norsally  estimated  by  Kay's  method. (28)  ;]S]is  method  as  applied 
to  the  HgOg-^O  system  is  given  below  in  the  fora  of  equations: 

Fj  (p»I«)  •  x,g(32C!r)  *  (3H6) 

where  g  fraction  of  ^0  ®nd  B^Og,  respectively. 
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B.  FBASE  PROPERnES 

1*  Density  of  Solid  EvdroTOn  Peroxide 

a.  Anhydrous  B^rdrogen  Peroxide 

Density 

Ib/ft^  g/ea^  Esf. 

■K).05 

107  1.71  -0.03  1 

102.62  I.6U37  29 

102.60  1.6434  29 

The  first  value  Is  recomsended  by  Schurh,  et  al.(^)  at 
all  tes^ratures  on  the  basis  of  their  study  and  recalculation  of  X-ray  diffrac¬ 
tion  data  of  Abrahams,  et  al.(30) 

b.  Solid  Eydrogen  Peroxide-Vater  Salutions 

.  .  True  solid  solutions  do  not  form  according  to  Schuab, 

et  al.v^)  but,  rather,  form  a  solid  phase  vith  occluded  mother  llqtasr.  Cius, 
densities  depend  upon  the  amounts  of  solid-phase  and  occluded  mother  liquor.  In 
spite  of  the  ^fficulties  involved  in  definltig  densities  of  such  systems,  Gigulre 
and  Geoffrlon(31}  cleeuriy  shoved  that  solutions  containing  less  than  4^  vt$ 
expand  upon  freezing  whereas  solutions  containing  more  than  65  wt^  HoO^  contract 
upon  freezing.  ‘ 

2.  Density  of  Liquid  Evdrot^n  Peroxide 

The  density  of  the  B^02-H20  system  has  been  measured  by  a  nusiser 
of  Investigators  over  the  entire  range  of  cmpositlona  and  to  temperatures  of 
approximately  200*P  for  all  compositions  except  those  of  90  wt^  greater. 

Of  the  large  amount  of  data  available,  that  given  in  References  31,  32,  33,  and  34 
are  generally  recommended.  These  data  have  been  reduced  to  convenient  equations, 
tables,  and  figures  in  References  1  and  35.  Because  of  the  cagnltude  of  this 
information,  its  easy  accessibility,  and  its  limited  usefulness  to  the  evaluation 
of  high-strength  hydrogen  peroxide,  these  many  representations  are  not  repeated 
here.  Attention  has  been  focused,  rather,  upon  compiling  the  density  data  of 
only  90  and  98  wt^  H2O2  over  a  vide  range  of  conditions. 

The  density  of  liquid  90  wt^t  is  given  in  the  table  below 
and  shown  graphically  in  Figure  1.  ^  ^ 


Temperature 

!I -  - 

-4  -20 

18.59  -7.1^5 

23.99 
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«AvercLsed  reported  values  vere  corrected  to  $C^  Eg02  cescotrftticn  boesuse  of 
■li^t  thersal  deeczpoaitlca  asd/or  lov  initial  csneentretica. 

(u)  Tta  density  of  liquid  ^  vt^  E2O2  is  given  in  tbs  tnble  belov 
and  shown  graphically  in  Fi^^e  1. 


TcT^ratvsre 

W5  '•/; 

Density  of  Liquid  93  wt$  E^Og 

Ib/ft^  e/er^ 

Eef. 

32 

0 

91.11 

1.4554 

32,  35 

50 

10 

90.38 

1.4477 

33 

68 

20 

89.74 

1.4374 

32  * 

77 

25 

89.34 

1.4311 

33 

77 

25 

89.33 

1.4309 

1.4254 

35 

80.6 

27 

89.24 

37 

93>2 

3h 

83.73 

1.4213 

37 

113 

45 

83.63 

1.4lsS 

37 

122 

50 

87.64 

1.4033 

33 

122 

50 

87.55 

1.4024 

35 

Ptge  7 
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2 — 

!! 

Ib/ft^ 

rZral 

131 

55 

87.42 

1.4003 

149 

65 

86.70 

1.3£33 

167 

75 

86.23 

1.^13 

183.2 

84 

85.48 

1.3693 

201.2 

Sh 

84.68 

1.3564 

204.8 

96 

84.09 

1.347 

221 

105 

84.03 

1.3460 

37 

37 

37 

37 

37 

33.  35  * 


'O'^trapolated  value 


3.  Decalty  of  F^^drcrsn-Fsreslda  Vg'^or 

Die  use  of  the  Ideal  gas  lav  Is  reecs^^aeoded  for  dsrivliig  vs^xr 
densities  at  ordinary  tcrparatures  and  pressures  (35).  She  validity  of  this 
approach  has  teen  conf irasd  by  Kathascn  end  llsass  (^5)  at  the  of  thsir 

experiment,  92*C  (197. 6*f)  and  35  ca  Eg  (0.63  pala). 

For  non-ideal  regloM  tee  density  cay  be  eatlnated  by  utilising 
generalized  compress ibillty  factors. (38)  por  more  precise  values,  it  is  reeca- 
aended  that  the  compressibility  factors  of  water  be  calculated  frea  the  data  in 
Ref ,  39  and  applied  to  hydrogen  peroxide  by  nisana  of  the  theory  of  corresponding 
states. 


Vapor  Pressure  of  Hii!?h«^treg*! 
Solutions 


Percadde-Tfater 


A  relatively  large  amount  of  vapor-pressure  data  for  various 
H2O2-H2O  solutions  is  available  and  these  data  ere  discussed  at  length  in  Ref.  1. 
Fran  considerable  study  of  these  data  the  authors  of  Ref.  1  recccsend  that  the 
data  of  Scatchard,  et  al.(^J  be  utilized.  Using  the  vapor  pres8iu*e  equation 
for  hydrogen  peroxide,  the  activity  coefficient  equations  for  hydrogen 
peroxide  and  water  given  by  Scatchard,  et  al.  and  the  vapor  pressure 
data  for  water  given  by  Keenan  end  Keyes  (39),  the  total  vapor  pressures  and 
partial  pressures  of  HgOg  and  H2O  over  90,  92,  99,  and  100  wt^  EoOo  have 

been  calculated.  The  equations  utilized  are  given  below  and  the  calculated 
values  are  presented  in  Tables  1  and  II. 

log  pjj  (mm)  =  44.5760  -  4025.3/T  -  12.996  log  I  +  4.6055  X  lO’^T  (1) 


In  Y 


h  RI 


(1-x^) 


[  Bo  +  Bi  (3-4x^)  ♦  Bgd-Bx^)  (5-6:^^  ] 

)2 

~  [®o  ♦  ®1  ♦  82(1-2»,)  (1-&V>  ] 
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SCSiL  VAFO  (F31A)  C?  ESS  E^ZTCia  ^Cg-^O.  EOSC3 


Tss^tf 

*y 

ko 

60 

eo 

100 

120 

liiO 

l6o 

1<^ 

200 

230 

2^ 

CJO 

280 

300 

320 

3^ 

360 

400 

kso 

ViO 

k6o 

k89 

500 

520 

5^ 

560 

5S0 

600 

^0 

640 

650 
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P(Ea)  -  (1-m^  ^h  Pw  ^w 

w 

(l-SP  Yh 

(5) 

WV  "  Pw  Yv 

(6) 

where  end  ere  the  vepor  pressures  of  Icjiac^eii  peroxide  and  veter,  respectively; 

Yw  end  Yy  ure  the  activity  coefficients  of  peroxide  and  water,  respectively; 

P  18  total  pressure;  ppjj  and  ppj^  are  the  partial  pressures  of  hydre^ea  perexlcla 
and  water,  respectively;  T  Is  tcr.p^rat^:re  In  *E;  Is  the  eoIo  fractlcn  of  water 
In  the  ll<j,uid  phase;  R  Is  the  gas  ccastant,  1.S37  cal/s  ^le  *0;  Eq  ■  -1017  ♦  0.57  T; 
Bi  ■  85;  end  B2  Is  13. 

5*  Activity  Ceeffieieats  of  Ei-’h  StrsnTth  E^;drg~3a 

fsrcaic'e-^;^ior  Eejrrticas 


The  activity  coefficients  of  90,  92,  9^,  9^,  58».eu^  100  wt^ 

H2O2  have  been  calculated  froa  the  equations  of  Scatchard,  et  al.v^/  -  see 
preceding  section.  Equations  (2)  and  (3).  These  data  are  given  In  Table  m. 

6.  YeT!or-Iiie*Jid  Eyillibrltta  Data  for  Ei*^  StresTBi 
Hydrogen  fercaida-Watgr  Solutions 

On  the  basis  of  the  vapor  pressure  and  activity  coefficient 
equatloxu  and  data  given  in  Sections  6,4  and  5>  end  composition  of  the  vapor  in 
equllibrltaa  with  liquid  90,  92,  94,  and  98  wt^  H2O2-H2O  solutions  has  been 
calculated  according  to  the  following  equation:  ... 

Pb*h  Yh 

^h  •  -  P - 

where  y^  is  the  cole  fraction  of  E2O2  in  the  vapor  phase,  Is  the  eole  fraction  , 
of  H2O2  In  the  liquid  phasr,  pjj  is  the  vapor  pressure  of  E2O2,  Yji  ^  activity 
coefficient  of  B^2*  B  Is  the  total  vapor  pressure. 

These  ccc^osition  data  are  given  in  Table  17. 

7«  Solubilitr  of  E'^‘':rr~:c3  Fororti^^.e  In  V^Ti.zr.3  Suhstanees 


Substance 

Solubility 

Ref. 

AUyaer  CR-39  mcncasr 

28g  (90  wt^  B202)/I00g 

4o 

Amyl  alcohol 

Greater  than  that  of  water  In 
the  aisyl  alcc^ol 

1 

Aniline 

90  vt$  EpO,  is  Infinitely 
soluble . 

4o 
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VAPCR  CCSC3I2IC3  (KOIS  FRACSId  ^Og)  0V3R  EGH-SESiJGIH  I^Og-^O  SOiJSCS 


Idquid-Hiase  Cos^iosltion,  vt^  ^Og  (mole  fraction  ]^0g) 


leap., 
*P  . 

90  (08266) 

92  (a8590) 

94  fc.8924) 

96  (09271) 

98  (09629) 

4o 

0.4171 

0.4938 

0.5862 

0.6979 

0.8337 

60 

0.4423 

0.5184 

0  6090 

0.n68 

0.8455 

80 

0.4652 

0.5407 

0.6292 

0.7332 

0.8555 

100 

0.4859 

0.5604 

0.6469 

C.7473 

0.8640 

120 

0.5044 

0.5779 

0.6623 

0.7594 

0.8712 

ito 

0.5218 

0.5940 

0.6764 

0.7704 

o.8n6 

160 

0.5372 

0.6083 

0.68S3 

0.7799 

0.8S30 

ISO 

0.5513 

0.6212 

0.6998 

0.7883 

0.8878 

200 

0.5642 

0.6328 

0.7097 

0.7957 

0.8920 

220 

0.5759 

0.6434 

0.7186 

0.8024 

0.8957 

2l»0 

0.5867 

0.6530 

0.7266 

0.8084 

0.8991 

260 

0.5965 

0.6618 

0.7339 

0.8137 

0.9020 

280, 

0.6056 

C.6698 

0.7405 

0.8186 

0.9047 

300 

0.6139 

0.6771 

0.7465 

0,8230 

0.9071 

320 

0.6215 

0.6838 

0.7520 

0.8269 

0.9092 

31*0 

0.6286 

0.6899 

0.7570 

0.8305 

0.9112 

360 

0.6350 

0.6955 

0.7616 

0.8338 

0.9130 

380 

0.6410 

0.7007 

0.7657 

0.8368 

0.9146 

too 

0.6465 

0.7054 

0.7695 

0.8395 

0.9160 

t20 

0.6516 

0.70^ 

0.7730 

0.8420 

0.9173 

tto 

0.6563 

0.7138 

0.7762 

0.8442 

0.9185 

t60 

0.6607 

0.7175 

0.7792 

0.8463 

0.9196 

t80 

0.6647 

0.7209 

•  0.'^19 

0.8482 

0.9206 

500 

0.6684 

0.7240 

0.7843 

0.8499 

.  0.9215 

520 

0.6717 

0.7268 

0.7866 

0.8515 

0.9223 

5tO 

0.6749 

0.7295 

0.7886 

0.7904 

0.8529 

0.9230 

560 

0.6777 

0 .7318 

0.8542 

0.9237 

580 

0.6803 

0.7340 

0.7921 

0.8553 

0.9243 

600 

0 .6826 

0.7359 

0.7936 

0 .8563 

0.9248 

6tO 

0.6864 

0.7390 

0.7959- 

0.8578 

.  0.9255 

680 

O.6S83 

0.7408 

0.7972 

0.8586 

0.9259 

720 

0.6903 

0.7418 

0.7979 

0.8589 

0.9260 

760 

0.6896 

0 .7410 

0.7969 

0 .8581 

0.9254 

800 

0.6888 

0.7400 

0.7959 

0.8572 

0.9248 

8to 

... 

. — 

0.8564 

0.9242 

PB^e  13 


Report  AiRHi-El-65-6,  Appsrdis  X 


Suh3t’ne9 

Benzene 

XhactlesUy  ls2dl°.:hle 

1. 

Carbon  tetrachloride 

Leas  then  0.1^  soluble 

4i 

Chloroform 

Leas  than  0.1^  soluble 

4l 

Diethyl  phthalate 

2.5g  (90  wt^S  E^0^)/I00s 

i»0 

Dimethyl  phthalate 

28g  (90  vt^  H202)/1003 

ito 

Ethyl  acetate 

90  vt^  EoOp  Is  infinitely 
soluble 

to 

Ethyl  alcohol 

68  to  $9.6  vt^  E^9  is  ec:::pletely  11 
miscible  with  equal  volumes  of 
absolute  alcdiol  at  32*F 

Ethyl  ether 

H2O2  and  ether  form  non>ldeal 
solutions  with  complete 
miscibility  only  above  176*F 

1 

Kerosene 

Less  than  0.1^  solxible 

4l 

Methyl  methacrylate 

l8g  (90  wt^  H202)/l0Qg 

ko 

Quinoline 

Greater  than  that  of  water  In 
quinoline 

1 

Styrene 

Less  than  0.1^  soluble 

in 

Toluene 

Less  than  0.1^  soluble 

4l 

Water 

CoB^etely  miscible 

11 

See  also  Section  A,U,c  for  references  to  freesing  point  and/or 
soliibllity’  data  for  other  hydrogen  percslde  systeics. 

8.  Surface  Tension  of  fee  ’B'rdrc'zsn  Peroalde-lfatar  Systea 

The  surface  tension  of  hydrogen  peroxide -vater  solutions  h^ 
been  measured  by  Spring'*^^)  l!^s  and  Hatcher'29)  and  Hilbbs  and  01gulreV^3) , 
After  studying  these  data  Schraib,  et  al.N^)  recosaend  the  values  of  Zblbbs 
and  Glgulre.  These  values  are  given  In  the  following  table: ' 
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Vs 

Ib/ft 

X  10^ 

^5®f7o^c) 

r5''yTb-'u) 

0.00 

5.184 

4.985 

75.85 

72.75 

17.05 

5.232 

5.030  . 

76.36 

73.41 

26.31 

5.273 

5.079 

76.95 

74.12 

37.33 

5.324 

5.117 

77.69 

74.67 

49.76 

5.373 

5.166 

78.41 

75.68 

64.33 

5.456 

5.252 

79.62 

76.65 

71.55 

5.515 

5.301 

80.48 

77.36 

84.12 

5.613 

5.387 

81.92 

78.61 

90.00* 

5.633 

5.434 

82.2 

79.3 

95.75 

5.683 

5.473 

82.93 

79.87 

98.00«» 

5.694 

5.496 

63.1 

80.2 

100.00«f 

5.71 

5.51 

83.3 

80.4 

interpolated  value 

♦•Extrapolated  value,  precision:  +  O.05  dyne/ea 


C.  lEEMOlHmiC  I>ROI>ERnES 

1.  Beat  and  Entropy  of  Fusion 

The  recocaended  values  for  the  heat  and  entropy  of  fusion  of 
anhydroua  hydrogen  peroxide  are  those  of  Giguere  et  al.  (-) 

^  -  158.1  Btu/lb  -  87.84  cal/g  •  253?  +  3  cal/g  nole 

^  Sjyg  -  0.3219  Btu/lb-*R  or  cal/g-*K  -  10.95  +  0.01  cal/(j 
D0le-*K 


2.  Haat  and  EntroTy  of  Vaporigatlen 


a.  Heat  of  Vaporization  of  Anhydrous  hydrogen  Feroxlds 

Many  values  tar  the  heat  of  vaporization  have  been  published 
but  only  those  of  Poley  and  Glgu^rs^)  and  GiguSre  et  al.l^J  are  based  on  direct 
Bieasiurements.  These  aeasureicents  are  generally  conceded  to  be  far  zsre  precise 
than  values  calculated  frca  even  the  cast  precise  vapor  prosaura  data.  £3eeo(35) 
recocnends  the  values  given  in  the  foUovlng  table  vhich  they  calculated  based 
upon  the  data  from  Ref.  44  and  supplementary  data  frca  Eaf.  2. 
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Esat  of  V^-TSTir^tlcn  ef 

Tr'^sara'te'ra 

' 

■F 

iWib 

32 

0 

666.9 

yrp.3  ■ 

12600 . 

77 

25 

652.7 

362.6 

12330 

80.4 

26.9 

651.9 

362.0 

12310 

122 

50 

639.2 

355.1 

212 

100 

612.0 

340.0 

11560 

302 

150 

584.5 

324.7 

t.  Beat  <'\  Vavorlzatlon  of  RTfirossn  Paroxlda'^ater 
.  Solatlc; 

The  heat  of  vc^orlzatioa  of  eol^ions  at  77*R 

end  the  tinrtBai  boiling  points  have  been  ealenlated  by  EsecolSS)  frca  the  beat 
of  v^rizatlon  of  anhydrous  E^2  Siven  in  tha  jpevlous  section)  the  heat  of 
T^rization  of  vater  given  by  Rossini  et  al.(^^)»  the  heat  of  dilution 
given  by  Giguire  et  al.(^).  These  values  are  presented  in  the  foUoulng 
table. 


Total  Beat  of  'Ry.’ggrlaatica  of  geroside^t’htar  Eolutlons 


Total  East  of  Yc‘gorir,?.tion 


tositionj 
i  H2O2 

—ini-riiTri  11 M 1 1-  ii  -  j 

Ftu^Ib 

cal/g 

100 

fe2.7 

3^.6 

584.5 

324.7 

98 

6&.2 

.  36r.9 

593 

329 

90 

700.4 

389.1 

630 

350 

80 

745.2 

414.0 

er5 

375 

70 

788.2 

437.9 

718 

399 

60 

329.3 

460.7 

759 

.  422 

50 

86B.5 

482.5 

793 

443 

4o 

906.5 

503.6 

835 

464 

30 

943.2 

524.0  . 

870 

483 

20 

979.4 

544.1 

905 

503 

10 

1015.0 

563.9 

938 

521 

0 

1050.5 

533.6 

970 

539 

e.  Entropy  of  Vaporization 

The  entropy  of  ve^porlzation  can  be  ealeuiated  frca  the 
heat  of  v^rization  data  presented  In  the  tvo  preceding  sections  and  the 
equation  given  below. 
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where  T  is  absolute  teoperature. 

3«  Heat  of  StCblisatlon  of  Anhydrous  Eydronen  Paroside 

^e  heat  of  sublimation  at  31.170*P  (-0,461  *0)  is'^ven  by 
Foley  and  GiguereCo). 

^®sub  “  Btu/lb  =  455.9  cal/g  “  15510  cal/g~sole 
4.  Heats  of  Solution  end  Dilution 


The  most  valid  best  of  solution  and  dilution  data  are  based 
upon  the  work  of  GiguSre  et  al.(44)  vhich  involved  the  use  of  an  Isothenzal 
calorimeter  at  26.9"C.  Schuzsb  et  al.(l)  have  corrected  these  values  to  77*F 
(25*0),  a  conventional  standard  state  tesperature.  These  latter  data  are  given 
below. 


Integral  Heat  of  Solution*  *  _ Heat  of  Dilutioa^* 


Vtfi  E^2 

Btu/lt>  E2O2 

cal/cole  H2O2 

Btu/lb  E2O2 

cal/sole  E2O2 

100 

0 

0 

-43.0 

-813 

96 

-1.7 

-32 

-41.3 

-781 

90 

-8.5 

-160 

-34.6 

-653 

80 

-16.4 

-310 

-26.6 

-503 

70 

-23.2 

-438 

-19.8 

-375 

60 

-23.8 

-545 

-14.2 

-263 

50 

-33.7 

-636 

-9.4 

-177 

40 

-37.2 

-703 

-5.8 

-110 

30 

-39.8 

-752 

-3.2 

-61 

20 

-41.5 

-785 

-1.4 

-27 

10 

-42.6 

-805 

-0.4 

-  -8 

0 

-43.0 

-813 

0 

0 

«The  integral  heat  of  solution  is  defined  as  the  enthalpy  change  associated 
with  the  process  of  mixing  pore  water  and  IX^  to  fora  a  solution  of 
indicated  ccr^sition  (yt^  E2C2), 

**The  heat  of  dilution  is  defined  as  the  enthalpy  change  associated  with 
,  diluting  a  solution  of  indicated  conposition  Tvt^  H202}  vith  an  Infinite 
amount  of  water  to  fora  an  infinitely  dilute  solution  of  H202. 

5,  Heat  of  Forraticn  of  I?,Jdrc^5n  Peroxide  .  . 
a.  Anhydro\is  Llqiiid 

The  heat  of  fomatlon  of  anhydrous  liquid  hydrogen 
peroxide  at  77*F  frca  the  elements  at  77®F  according  to  the  reaction. 
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%(g)  +  OgCg)  — >  (1) 

has  been  r^rtcd  in  Reference  46  to  ha  -44.83  la  lafcrescs  1  to 

he  -44.8$  kcal/g-Esole,  and  In  Reference  4?  to  ha  -44.75  *  0.15 

the  derivation  of  these  values  not  hean  ccrafulljr  ecrutinissd, 
the  first  value  is  reccanended  on  the  basis  that  it  is  cast  recent  and  ecsss 
trca  a  noxaally  vezy  reliable  source. 

^^f(77*F)  *  Btu/lb  •  -1319  eal/s  ■  -44.83  keal/g-mla 

h.  Aqueous  Qydrogen  PerosLdd 

The  heat  of  forsatica  of  fc:?&c3ea  percsida  la  a^jiscua 
solution  at  77*F  frcm  the  elements  and  abater  at  77*^  accordinj  to  the  reeeticn, 

Hg  (g)  +  O2  (g)  +  a  HgO  (1)  - >  HgOg  *  tt  HgO  (l) 

can  he  calculated  frca  the  value  for  the  anh^drciis  liquid  given  in  the  previous 
section  and  the  integral  heat  of  solution  valuns  given  in  Section  C,4.  The 
values  thus  ealciilated  are  given  in  the  t^le*  hslcv. 


mve  a?  FOT. 

:i\Ti<n  OP  in £i:^n-zri  at  t?*? 

Sola.  Co2^., 

Heat  of  Ptor:=2tioa, 

AE? 

ifti  R202 

Rtu/lb 

cal/s  i.£J2 

kcal/S~z^ls  E£02 

100 

-2375 

-1319 

-44.83 

98 

-2377 

-1320 

-44.91 

90 

-2383 

-1324 

-45.04 

80 

-2391 

-1323 

-45.19 

70 

-2398 

-1332 

•  -45.32 

60 

-24o4 

-1335 

-45.42 

50 

-2409 

-1338 

-45.52 

40 

-2412 

-1540 

-45.53 

30 

-2415 

-1S41 

-45.63  . 

20 

-24i6 

-1342 

-45.65 

10 

-2417 

-1343 

-45.© 

0 

-2418 

-1343 

-45.^ 

e.  Gaseous  ^drogen  Fercside 


The  heat  of  forrmtica  of  gnseoue  l^drcgsn  psrenida  at 
77^  firca  the  elo^nts  at  77^  according  to  the  . reaction, 

(s)  ♦  Og  (g)  - »  ^©2  (c) 
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is  given  in  Reference  k6  as  -32.58  keal/g-aole  and  in  Reference  1  as  -32.52 
kcal/g-Eole.  The  forser  value  is  reccziesnded. 

^f (77*P)  ”  Btu/lb  -  -958  eal/g  -  -32.58  'kcal/g-2Mle 

6.  Heat  of  PecosTsositlon  of  Eydro'tsn  Paroside 

The  heat  of  deccs^osition  of  hydrogen  peroxide  can  be  readily 
calculated  frca  the  heats  of  formation  of  hydrogen  peroxide,  «ater,  and  oxygen. 
Using  the  data  for  hydrogen  peroxide  given  in  Section  C,5  and  the  uater  end 
oxygen  data  fra  Reference  U5,  the  heat  of  daccrposition  at  77*F  has  been  cal¬ 
culated  for  several  cases  as  defined  by  the  reactions  balo^J. 


lCX>..vt^  E2Q2i 
•  (1)  — 
HgOg  (1)  — 
HgOg  (g)  — 

98  Vt^ggOg  Mi 


HgO  (1)  ♦  1/2  Og  (g) 
HgO  (g)  +  1/2  Og  (g) 
HgO  (g)  ♦  1/2  Og  (g) 


(1) 

(2) 

(3) 


9^.  vt^  (l); 


HgO 

(1) 

- >  1.03853 

SqO 

(1) 

♦  1/2 

®2 

(g) 

(4) 

^0 

(1) 

- >  I.O3S53 

HgO 

(g) 

+  1/2 

O2 

(g) 

(5) 

EgO 

(1) 

- >  1.20979 

BgO 

(1) 

♦  1/2 

02 

(g) 

(6) 

EgO 

(1) 

— »  1.20979 

HgO 

(s) 

+  1/2 

Oe 

(g) 

(7) 

1 

?tst  of  r~r.''~ 

iicn 

at  77' 

"F 

Esccr^i,  £v’actioa 


* 

tJ 


Eiu/lb 

-1240 
-C34 
-1334 
-1239 
-631 
-1232 
-553 


cal/s  i.2'^2 

-639 
-330 
-741 
-6S3 
-357 
-e4 
-310 


k£al/G-nnj.s  i-^g 

-23.44 
-12.02 
-25.22 
-23.41 
-12.48 
-23.28 
-10.55 
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7.  Egat  of  !)ig*:.ogiatlr»a  ct  r~~'''rr'‘-n 

Iha  heat  of  dissoclatica  of  gasscsa  fcySrccaa  perosids  at  77*E 
aceordiog  to  the  Tarious  reaetioaa  belov  have  bean  calculated  feca  the 

heat  of  foxcation  of  "^2  (s)  gives  in  Cactioa  C,S,c  and  the  heat 3  of  fonsation 
of  the  other  species  as  given  in  t^e  J.iOi?  Shszsochsalcal  Shblesi^/. 


Beaetlon 


East  of  Bisseetatica 

^^2  kea37g-soIe  E2O2 


(g) 

H2O2  (g) 
HgOg  (g) 
(g) 
HgOg  (g) 
(g) 

belov< 


HgO  (g)  +  0  (g) 

2  C0  (g) 

E)2  (g)  ♦  H  (g) 

2  H  (g)  +  O2  (g) 

H2  (g)  ^  2  0  (g) 

2  H  (g)  +  2  0  (g) 


4750  +  100 


13541 


8.  Heat  Cenaelty  of  Solid  Erdroaea  Ferostde 


34.34 

51.24 
89.7  +  2 
136.78 
151.70 
255.90 


She  reeosasended  values  are  those  of  Giguere  et  al.(2)  given 


Tesmerature  Esat  Catjacitv 


-438.1 

21.6 

12 

O.OOlB 

0,0& 

-432.7 

27 

15 

0.0036 

0.124 

-423.7 

36 

20 

0.0t^7 

0.295 

-405.7 

54 

30 

0.0256 

0.872 

-387.7 

72 

40 

O.C4S4 

1.^ 

-3^.7 

90 

50 

0.0736 

2.505 

-351.7 

108 

60 

0.0591 

3.372 

-333.7 

126 

70 

0.1231 

4.188 

-315.7 

144 

80 

0.1439 

4.895 

-297.7 

162 

90 

0.1637 

5.5© 

-279.7 

180 

100 

0.1806 

6.144 

-243.7 

216 

120 

0.2106 

7.1S^ 

-207.7 

252 

140 

0.2363 

8.039 

-171.7 

■  283 

160 

0.2593 

.  .  8.822 

-135.7 

324 

180 

0.2809 

9.556 

-99.7 

360 

200 

0.3023 

10.283 

-63.7 

396 

220 

0.3247 

11.044 

-27.7 

432 

240 

0.3436 

11.857 

rage  20 


I 


I 

^  I 

r  I 
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I 
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fa)  Tr~~'c?ntrge 


8.3 

25.3 


U63 

485 


•% 

25o 

270 


_ (n)  F-rt  C— - 

Etr/ro-'i'  q} 


•  /  ■ 


0.3711* 

0.3S23* 


12.521;* 

13.021* 


•■Corrected  for  presslting 

9.  Heat  Capacity  of  Liquid  Er&rc^ga  Farerids 

fa)  The  oean  heat  capacities  he-Snreea  32  Rrid  80.4"F  (O  end  25.9"C) 
of  •variotis  hydrcpzn  peroside-'Kater  solutions  hare  bsoa  naas'j^ed  Gipilre 
et  al.(^)  Enoothed  ■values  based  v^oa  their  data  era  given  in  tlea  follc-jins 

table. 


■r 

i 

•• 

1 

Vti> .  H202 

ifean  Esat  Ca“acitv  tat-"''n 

?2  r-d  E0.4*F 

Btu^lb  6oln.-''F  czl/ir 

mole  Eoin.-''C 

% 

i  ( 

■ 

.  100 

0.&8 

21.36 

98 

0.534 

21.20 

i 

• 

90 

0.560 

20.62 

5 

80 

0.692 

19.99 

f 

70 

0.725 

19.48 

• 

50 

0.757 

I9.CO 

i 

50 

0.790 

18.61 

> 

40 

0.823 

18.27 

30 

0.860 

18.04 

J 

20 

0.899 

17.83 

i 

10 

0.945 

17.87 

0 

l.CX)2 

18.05 

(c)  Additional  boat  capacities  of  50,  vt^  Er02  have  teen  ceasured 
by  Eocl:stc!;a:3(49)  in  a  flou  systerj  ct  elsvatci  tr:~rr£-t.irc3.  .These  values  end 
the  ■value  frcsi  Reference  44  ere  given  in  the  fcUcvinp  table  and  in  Figure  2. 


•T* /?* 


r-t- 


32  to  80.4 

0  to  25.9 

0.653 

£0.62 

44 

235.8 

113.2 

0.6314 

21.29 

49* 

304.9 

151.6 

0.6355 

21.45 

49* 

3S9.7 

IS7.6 

0.6>30 

21.61 

4^ 

*Average  of  7 

or  8  data  points 

reduced  frea 

each  of  three  separata 

runs  mul 

in  a  flov  system. 
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(e)  E:3  liEat  cS  53  vtp  r^2  tc3  tcc2  czyi~z':c2.  ei  tc2- 

psratures  to  1«)0°F  cn  tho  bi^is  ot  ths  £~,ta  Lafcs^c-ssa  kh  caS  cal 
is  also  e^<m  in  2. 

10.  East  Cg.'TSselty  of  C-.r-r^^  r-'7^ — \  P.-rsrr’,'?3 

(u)  Ike  haat  ccpssity  ot  pcrcaisls  rr^tr  (23  ca  i£cal  cpa) 

has  been  calculated  by  several  cutSars  c^catlsaa  dsvels^^t  fires 
theory.  The  values  of  Gigasre  end  littCSO)  tsrssver,  re^— :^32d2d.  Ttzsa 
values  are  given  belcv. 


V. 

77 

536.7 

293.16 

0.3031 

80 

540 

300 

0.3037 

170 

630 

350 

.  0.3223 

260 

720 

4oo 

0.3404 

44o 

900 

500 

0.3692 

620 

loSo 

5oo 

0.3513 

800 

1250 

700 

0.4075 

980 

1440 

600 

0.4204 

1160 

l&o 

0.4319 

1340 

IBOO 

lax) 

0.4416 

1520 

1520 

1100 

0.4507 

1700 

2l5o 

1200 

0.4539 

1B30 

2340 

130) 

0.4555 

2050 

2520 

i4co 

0.4733 

2240 

2700 

1500 

0.4S01 

11. 

Eeat  CT~:~z±tr, 

.!-V  ’  " 


10.31 

20.33 
10.93 
11.53 

12. 5^ 

13.31 

13.65 

14.^ 

14.59 

15.02 

15.33 

15.51 

15.67 

I6.U 

16.33 


a.  Solid  ^Irc-ea  Eerc=ii3 

^  (u)  TI~;5  e^trciTy  of  solid  t:-!irc~3  porenriia  fc23  born  celcu- 

latsd  by  et  elA^)  frcoi  his  lsrj'-tc:;;7oroi‘or2  tc-i-.ccv.'ioiiy  data. 

S^OgCs)  31.S5®?  «  0.5915  .  13.3^  ♦  O.Cl  C2l/C“=sl2-*C 

b.  E::trcp7  of  ivii?c3::3  Fcrcoriio 

^  (^)  €e:tTo:97  of  lic^id  hTirc^on  ptrcirlia  h-3  been  calcu¬ 

lated  by  Gii-t-?Q  et  £1.(2)  fr=c:~  tlz  velaes  for  tls  solid  elvea  clova  cal  tla 
entropy  of  fesien  giToa  in  Eootlea  C,l. 

8g^g^^2_j  £t  31.2S''f  »  0.7135  ria/lb-*2’  -  £4.i7  ♦  0.C2  ea2/C':::2l3-*C 


ri,93  ^3 


Esport  A^iHi-IE3-65-6,  Z  ■ 


e.  E2trcp7  of  Ids^'  Gaseous  ^szoslia 

Tbs  entropy  of  Idssl  gasecaa  fc^cssa  paroslSa  ot  one 
a'te:osphsre  bas  been  cslculatod  by  and  Liu(30)  frcia  77  to  22^*7. 

These  values  are  given  In  the  folloi;dng  toble. 


TggTBerattge  Estrowy,  8 


— 

'■& 

Btu/lb-‘F 

erl/ Resale- "C 

77 

536.7 

298.16 

1.636 

55.66 

80 

540 

300 

1.638 

55.72 

170 

630 

350 

l.©6 

57.35 

260 

720 

4oo 

1.731 

58.87 

hho 

SOO 

500 

1.808 

61.51 

6so 

1C80 

600 

1.879 

63.91 

800 

1260 

700 

1.941 

66.02 

l44o 

Soo 

1.996 

67.91 

ll6o 

1620 

9OO 

2.046 

69,61 

1340 

1800 

1000 

2.092 

71.17 

1520 

19SO 

1100 

2.135 

72.62 

1700 

2160 

1200 

2.174 

73.96 

1880 

2340 

1300 

2.212 

75.23 

2060 

2520 

l4oo 

2.247 

76.43 

2240 

2700 

1500 

2.279 

77.53 

12. 

The  enthalpy  of  ideal  gaseous  hydro^so  peroside  has  been  cal- 
exilated  by  Glgulre  and  Xilu(!^)«  These  values  ere  given  in  the  foUovlxig  table 


ler^jeratTire 

Enthalpy  of  Ideal  Gas 

,  (e!-ES93.16) 

ra 

hsrt/Ib 

csl/^-rale 

77 

536.7 

293.16 

0 

0 

80 

540 

30) 

1 

19 

170 

630 

356 

29 

550 

260 

720 

400 

59 

1120 

440 

900 

500 

123 

2320 

620 

1C30 

600 

192 

3^0 

Boo 

12a) 

7C0 

2St 

4990 

9S0 

1440 

600 

339 

6400 

116) 

1620 

$00 

415 

‘  7850 

1340 

l£20 

ICO) 

494 

9330 

1520 

1330 

HO) 

574 

.  IOS50 

1703 

2160 

1200 

636 

123^ 

l£30 

2S’jO 

1300 

739 

13970 

£>20 

1400 

823 

155S> 

2240 

SiOO 

1500 

910 

17190 
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D.  TssrsKTir  ntj^nixSiM 

!•  Ylsassitr-r  of  l*.r-i±'S.  rgrrcr’l:!^ 

(u)  The  Eost  recent  end  apparently  cast  relia'hle  viscnsity  Cits 
availshls  for  various  hydrogen  perorld3-:rptsr  eoluticns  ere  t^zzzo  cf  Eiltae 
and  Gigusret^S)  and  Kindron  and  Shnnlcy(3^).  These  data  have  tesn  cies'ihed 
and  interpolated  to  define  the  viscosity  at  even  intervals  of  ecqposlticn. 
These  esaoothed  values  are  given  in  the  table  below. 


Viscosity  of  EcOg-EcO  Eolutlcas 


cmt5.uoi“a 

'c  r.  '~3 

Vt^  EsOo 

32  V 

Li  'x-  >"^7  W 

i£2V 

3- V 

'«  i  'i:' 

*>  •'  } 

r:f. 

1009* 

1.824 

1.248 

1.226 

0.839 

43 

34 

100 

1.796 

1.156 

0.819 

1.207 

o.m 

0.550 

93 

1.839 

1.252 

1.235 

0.841 

43 

98 

1.812 

1.156 

0.816 

1.218 

0.777 

0.543 

34 

90 

1.837 

1.260 

1.2a 

0.847 

43 

90 

1.872 

1.156 

0.803 

1.253 

0.844 

0.777 

0.540 

34 

80 

1.922 

1.256 

1.292 

0.7^ 

43 

34 

80 

1.894 

1.145 

0.780 

1.273 

0.524 

70 

1.932 

1.237 

1.293 

0.831 

0.754 

43 

70  . 

1.896 

1.122 

0.752 

1.274 

0.505 

.34 

60 

1.912 

1.208 

1.285 

0.612 

0.485 

43 

60 

1,880 

1.052 

0.721 

1.253 

0.734 

34 

50 

1.876 

1.1^ 

1.261 

0.786 

0.46f 

43 

50 

1.852 

1.056 

0.6^ 

1.245 

0.710 

34 

40 

1.832 

1.126 

1.231 

0.757 

43 

34 

4o 

1.815 

1.03B 

0.659 

1.220 

0.634 

0.443 

30 

1.790 

1.C35 

0.€27 

1.203 

0.729 

0.659 

43 

30 

1.775 

0.530 

1.193 

0.421 

34 

20 

1.756 

1.C46 

l.lSO 

0.703 

43 

20 

1.744 

1.744 

0.944 

0.598 

1.172 

0.634 

0.402 

34 

10 

1.012 

1.172 

o.Co 

0.613 

43 

34 

10 

1.737 

0.912 

0.570 

1.137 

0.673 

0.333 

0 

1.792 

1.CC2 

1.EC4 

43 

34 

0 

1.753 

0.8949 

0.5492 

1.205 

0.6)14 

0.3691 

•sCorreoti-d  to  reflect  revised  value  for  water  at  20"C. 

**3str£polat£d  values. 

(c)  The  viscosity  data  of  50  vtjj  ErtOo  Idive  been  •  e:stesdcd  to  tsa- 
peratures  of  cpprcu-OTitely  SOO®?  t-y  PuCChetf^-ueCpl).  These  values  end  the 
epprepriata  vsi-ues  frea  Esfe-reucss  43  end  34  ere  tebulatcd  below  end  Ehcua  in 
Figure  3* 


Psps  25 


OMtlfOlM 


Report  AFSH.-T2-66-6,  Appendix  Z 


tege>at3n»  ^ 


Figure  3.  Viscosity  of  90  and  98%  (u) 
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(e)  Vlsedslty  of  90  Peroxide 


Tesroerature 

Viscosity 

^  *0 

centipoise 

Ib/ft-sac  X  103 

Ref. 

32 

0 

1.887 

1.268 

43 

32 

0 

1.872 

1.258 

34 

63 

20 

1.260 

0.847 

43 

77 

25 

1.156 

0.777 

34,51 

122 

50 

0.803 

0.5^ 

34 

122 

50 

0.801 

0.538 

51 

212 

100 

0.479 

0.322 

51 

257 

125 

0.402 

0.270 

51 

302 

150 

0.362 

0.243 

51 

326 

163 

0.311 

0.209 

51 

(u)  The  viscosity  data  of  98 

vt^  E2O2  have  been  extended  to 

185*F 

by  Aerojet-General  Corporatlon(37).  These  values  and  those  frca  References  43 
and  34  are  ccc^Ued  in  the  follovlng  table  and  shovn  in  Figure  3>  ' 


(u)  Viscosity  of  98  fftjS  Evdro?en  Paroxlds 


Tegperature  _ _ Vtseosity 


*F 

*C 

centiTsoise 

Ib/ft-ssc  X  103 

Ref. 

32 

0 

1.839 

1.236 

43 

32 

0 

1.812 

1.218 

34 

68 

20 

1.252 

0.841 

43 

68 

20 

1.250 

0.840 

37 

77 

25 

1.156 

0.777 

34 

86 

30 

1.068 

0.718 

37 

104 

40 

0.^ 

0.618 

37 

122 

50 

0.816 

0.548 

34 

122 

50 

0.812 

0.546 

37 

140 

60 

0.724 

0.487 

37 

158 

70 

0.645 

0.433 

37 

176 

80 

0.583 

0.392 

37 

IS5 

85 

0.555 

0.373 

37 

2.  Vi''cccity  of 

r'irA'.''re3 

(u)  The  viscosities  of  hydrogen  peroxlds-\fatsr  islxturea  in  the 
vepor  state  have  been  ceasured  in  the  tsspsratura  range  of  170  to  240*C, 
hydregon  pcrcxlde  ccncrrri^ratlon  to  65  mle  end  at  one  et-ajsphsre  pressure 
by  Battsrfiold  et  al.C^2)  Ca  the  basis  of  this  worh,  they  derived  the  equa¬ 
tion  elvca  bolcsj  for  the  viscosity  of  any  EcOg-EcO  vepor  fixture  for  the  tesa- 
perature  rerge  of  ICO  to  300“C  end  pressures  near  one  atasEphsre 
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(u)  J1  =  134  +  0.35  (t-100)-l4y 

where  *  viscosity  in  micropoise,  t  =  temperature  in  *0,  and  y  =  mole  fraction 
of  hydrogen  peroxide  in  the  vapor  mixture.  The  accuracy  is  claimed  to  he  +  2^ 
and  the  presence  of  oxygen  in  concentrations  helov  1  mole  %  is  stated  to  be 
insignificant. 


Thermal  Conductivity  of  Liquid 


rogen  Peroxide 


(u)  The  only  measured  thermal  conductivity  data  for  high-strength 
in  literature  are  given  belowvSS). 


Thermal  ConductivU 


Btu/hr-ft-"F  eal/see-em-*C  x  10^ 


Wt  ^  H2O2 

32  ”F 

77T> 

32  “F 

98.2 

0.321 

0.339 

1.33 

1.4o 

50.0 

- 

0.347 

1.43 

0.0 

0.324 

0.353 

1.34 

1.46 

(u)  Pratt  Sc  Whitney  Aircraft(53)  estimated  the  thermal  conductivity 
of  9856  B2Q2  by  ciirve -fitting  the  thermal  conductivity- temperature  relationship 
of  water  and  adjusting  the  curve  downward  to  coincide  with  the  data  point  for 
98.2^  H2O2  at  77*P  given  above.  AlthoTigh  this  estimate  is  probably  acceptable, 
it  appears  that  it  would  be  more  correct  to  adjust  the  curve  so  that  corres¬ 
pondence  is  achieved  at  the  same  reduced  temperature  and  reduced  thermal  con¬ 
ductivity  (a  corresponding  state  type  correlation).  In  this  work  such  a  cor¬ 
responding  state  type  adjustment  has  been  made  in  the  manner  described  below. 

On  the  basis  of  the  thermal  conductivity  data  for  water  from  Reference  54  and 
the  critical  thermal  conductivity  of  water  from  Reference  55  >  a  plot  of  reduced 
thermal  conductivity  (^,  k/kg)  versvis  reduced  temperature  (ig,  T/lg)  for  water 
was  prepared.  Assuming  E2C2~H20  solutions  to  be  vater-llke  (i.e.,  obey  the  kp 
verst'js  Tr  relationship  of  water),  the  critical  thezsal  conductivity  of  98  wtjt 
H2O2  was  calculated  fra  the  thermal  conductivity  values  at  32  and  77*1*  given 
in  the  table  above,  the  kg  versus  plot  for  water,  and  the  critical  tempera¬ 
ture  of  98  vt^  H2O2  given  by  the  equation  in  Section  A,7.  These  calculations 
yielded  critical  thermal  conductivity  values  of  0.145  and  0.143  Btu/hr-ft-*F 
frcQ  the  32  and  77 "F  thermal  conductivity  values,  respectively.  The  average  of 
the  two  values  (0.144  Btu/hr-f-t- *?)  has  been  taken  as  the  critical  thermal  con¬ 
ductivity  of  98  wt^  H202.  Using  this  criticed  value  and  the  versus  Tg  plot, 
the  thermal  conductivity  of  98  vtjJ  H2O2  has  been  calculated  at  40*7  temperature 
intervals  from  4o  to  760*F.  These  data  are  given  in  the  following  table  and 
shown  in  Figure  4.  Note  that  the  figure  also  presents  the  thermal  conductivity 
of  water  based  on  Che  data  from  Reference  54  and  has  the  data  points  for  98.  vt]( 
H2O2  and  water  from  Reference  35  spotted  on  the  curves. 

(c)  Eocketdynet^9)  has  calculated  the  thermal  conductivity  of  9C^ 
E2O2  using  the  czpirical  equation  recommended  by  Palmcir(56).  These  data  and 
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the  approach  itself  have  been  rejected  for  hpdrcssn  psrosiae  for  t«o  rcssoas: 

(l)  tl^  values  ohtaiaed  usinp  the  equation  era  Icsrar  on®  i^ald  ersact 
assuaing  tha  data  in  the  table  above  frca  Eaference  35  are  correct,  end  (2)  the 
values  obtained  decrease  with  terperature  at  nearly  a  constant  rate  contrcry  to 
the  known  behavior  of  water  and  the  expected  behavior  of  ]^02  (^P2  is 
generally  regarded  to  be  a  water -like  substance). 


32* 

0 

4o 

4.4 

77* 

25.0 

80 

26.7 

120 

48.9 

160 

71.1 

LOO 

93.3 

240 

115.6 

280 

137.8 

320 

160.0 

360 

182.2 

4oo 

204.4 

44o 

226.7 

520 

271.1 

560 

293.3 

600 

315.6 

337.8 

680 

360.0 

720 

382.2 

760 

4o4.4 

849.5** 

454.1 

0.321 

0.323 

0.339 

0.343 

0.364 

0.384 

0.401 

0.413 

0.421 

0.426 

0.427 

0.424 

0.420 

0.404 

0.392 

0.378 

0.361 

0.342 

0.319 

0.295 

0.144 


1.327 

1.334 

1.401 

1.419 

1.506 

1.590 

1.657 

1.707 

1.741 

1.761 

1.764 

1.755 

1.736 

1.670 

1.622 

1.562 

1.493 

1.413 

1.320 

1.219 

0.595 


«i-^asured  valiies  frca  Esference  35  for  98.2  wt^E202. 

*«Calcula,ted  critical  point. 

•  4.  Coefficient  of  Dtffu-lcn  of  Llrritd  FTdro’Tea  P?ro^lda 

(u)  Schusb  et  al.(l)  have  reviewed  the  coefficient  of  diffusion 
data  for  liquid  hydrogen  peroxide  diffusing  into  water.  They  find  tha  values 
of  Stcrn^57^  to  be  the  eost  acceptable.  These  values  are  presented  in  the 
following  table. 
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Rydrc; 
rerr;'~V'e  Cr- 

323 

Tr^erstura 

Cceffisi 

cf 

wt  %  nhpo 

nesuality 

*F 

°C 

z. 

-7 

0.17 

0.102 

104.0 

4o 

6.64 

1.43 

0.17 

0.104 

86.0 

30 

5.29 

1.13 

0.17 

0.103 

77.0 

25 

4.62 

1.03 

7.^ 

4.78 

68.0 

20 

5.02 

1.12 

IM 

0.85 

€B,0 

20 

5.29 

1.13 

O.lS 

0.107 

63.0 

20 

3.8 

0.£4 

o.ois 

0.011 

63.0 

20 

3.4 

0.73 

0.17 

0.0S8 

59.0 

15 

3.5 

0.73 

0.17 

0.102 

50.0 

10 

2.1 

0.45 

0.17 

0.101 

4l.O 

5 

1.7 

0.39 

0.17 

0.102 

32.0 

0 

2.4 

0.53 

Measureaents  of  the  coeffleieata  of  fiiffiision  of 
peroxide  Iriso  aet^/1  alcohol,  ethyl  alcohol,  acetone,  end  ethor  tnve  also  boon 
Bsasured  by  Stern(57).  These  coefficients  were  foiad  to  differ  slpaificsatly 
frca  those  found  for  diffusion  into  water. 

5*  Coefficient  of  riffusioa  of  Fydrc^a  Po?c~^de  Vr'^r 

■  The  coefficient  of  diffusion  of  hySrcpen  percside  vapor  into 
air  at  lUO*F  (60*C)  and  one  atsosphere  pressure  has  beon  Eieararcd  by  I^'artrie 
and  Keyesv^}.  The  value  is 

B  -  O.lSa  +  O.OOU  ca^/sec  ■  O.TSS^  +  O.OlJj  ft^/hr 
E.  BESCmSSKSSTIC  EECTSTES 


The  recc.-nondod  values  crs  tcien  fires  Ec'r,rh  et  el,(^)  which 
were  derived  by  cueothf.rp  the  data  of  Clpuero  end  Cecfr-ir.nl-'-).  She  values 
for  SO  to  lOO  vt;,  colutiens  ere  in  the  trhle  belo'j.  Values  for 

Icu-er  conesntrutiens  (0  to  SO’  can  ts  fcuul  in  Eefereuca  1. 


!  T~  ’-u. 

wt^  F2O2 

0.0 

0.4 

oTb" 

0.8 

mmmm 

“““ 

- 

■ 

SO 

1.3 

SSo 

531 

^3 

SS5 

535 

91 

SS3 

530 

•  993 

995 

92 

1.4 

937 

9^ 

«C'5o 

«0D2 

«C04 

93 

cd3 

CC7 

ors 

on 

013 

94 

014 

016 

013 

02) 

021 

31 
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I 

1 

i 

$  wt  ^^2 

0.0  C.2  0.4  0.6 

6ot> 

f 

\  '  ! 
i 

■  4 

i 

95 

96 

1  97 

1  98 

99 
100 

023  025  027  023 

032  034  035  037 

04l  042  044  ■  046 

049  051  053  055 

058  060  062  063 

Q67 

030 

039 

043 

056  ■ 
065 

. 

2. 

Constants  Bsrived  frm  Pnfrnct5.on  rr.ta  for 

.  i 

'> 

Aiirvdrous  I--crc"^c.n  icrc:u.;h:\5>JI  and  (60) 

i- 

•  i 

■> 

Specific  refraction,  r^,  ca^/g,  77*P  (25*C) 

0.1705 

1  ; 

1 

Molar  refraction,  ca^Eole,  77*P  (25*C) 

5.801 

•■'i 

■7 

Polarizability,  ax  10^*^,  ca^/molecule,  77*^  (25"C) 

2.30 

Molar  dispersion,  -  Mg*  ca^/Eole>  (20“C) 

1.3576. 

^  j 

•A 

Dispersion  constant,  a  x  10“^®,  sec”^,  (20*C) 

8.479 

:■ 

;  f 
■  / 

Characteristic  frequency,  tt  z  10“^9  gec"^,  ©*? 
(20-C)  ® 

2.979 

•  •,■> 

Molecular  radiizs,  A 

1.32 

3. 

DiTsole  Kcrent 

•  •?< 

h  ■■? 

1  A  nuaber  of  values  for  the  dipole  ccrest  of  fc^'drcpea  perczide 

have  been  gives  in  the  literature.  These  vsricus  v~2--03  tara  been  discussed  by 
Schusb  et  al.  but  no  einnls  value  tu3  been  rcccm:";";!.  The  evailshle 

values  are  given  below  alous  with  their  csthods  cf  d:,rirutica. 

r  ■  ? 

t"  ■  ■ 

^Og  in  dienuna  2.13  x  lO”^  esu  cn  (Eef.  £l) 

H^Og  in  ethyl  ether  2.06  z  lO”^  esa  ca  (2sf.  61) 

EgOg  2.26  z  10”^  esu  ca  (Eef.  fe) 

-13 

^Og  2.1  z  10  esu  CB  (Bef.  63) 

Its  first  t'ijo  TBliisa  irare  esperirar-tally  dstcrrilnea  \rj  ths  dllirtlcn  Estisd,  tJa 
tMrd  value  vaa  dedused  frcr>  clsscrvaticus  cf  tlua  effset  ia  t^.3  dcrci'xua 

^oetrca  cf  fcjdrcjsa  perciidda,  cad  tiis  last  valua  su3  calc’alatcd  frc3  structural 
coasidoratisas . 


1; 
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4,  c— 

(u)  liia  reecmondsd  valasa  fcr  tea  ^liolc^'^7'!’,5  czzz\:zz:fj  cS  L~"— 
parosid3-r:it2r  cal'iticsa  ere  t^isss  cf  Gresa  e::^  E27!LarC'“"*). '  Cs  11:3  ti3£3  c- 
their  values,  the  dielectric  coastcats  of  50,  53,  eii^  ICO  vt^  ^^2  fccca 
graphically  defined  ere  presented  in  the  tahlo  helo?. 


Teraarature 


50  wt}3  E£02 


-30  110.7 
-20  102.6 
-10  95.1 
0  £3.6 
10  62.6 
20  77.1 
30  72.2 

5*  Electrical  Csrlrctlvlty 


106.8 

"S9.0 

91.7 

85.3 

79.‘^ 

74.0 

e^.k 


105.7 

53.1 

50.8 

84.4 

73.5 

73.2 

63.5 


(e)  The  kscun  valuas  cf  spaclfic  eon&ictivlty  et  77*^  a?a  givsn 
helov  for  various  E202-H^  eolutiona. 


Epocifie 

Cc2£u2tivlty, 


Specific 
Conduct  ivity. 


99.9  0.39 

59.2  0.4 

59.0  (ruasr  pure)  0.t:9* 

53.7  0.72 

53.5  0.82 

50.0  (cuper  pure)  2,2-^ 

79.7  3.3 


by  diluliip  £?  v::lcr. 

(u)  rrl:aect3  pcrrrlla  cal  its  colutitrn  in  vrul-er  ere  cot  c~tlcsl2y 
ectiva  butjtrhsn  plxiccl  in  e  r';;:-ll2  rislc'-uill  rolc;.-:3  11.3  tlz.z.-s  cf  pcl'_?inci 
li.£.ht.  Ills  is  t!i3  cri'';,;t  cr  1 1--:.. n  cf  E_":i7:£io-cr.tic  rolaliea. 

SLis  effect  l8  given  c--*^llt-41vc:47  ty  tha  cri:rE:-:;lon 


z  10^ 

Esf. 

Ut^’  F-fo  c!- 

.•s“i  z  IC^ 

0.39 

€6 

65.8 

5.1 

0.4 

64 

53.5 

5.3 

0.t:9» 
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40.5 

5.5 

0.72 

65 

£6.4 

4.0 

0.82 

65 

n.8 

2.3 

2.2-3 

Cl 

0 

0.5 

3.3 

65 

ire  "Df 

-In  C3  b 

c'rp  c-l-'C-n:!^  rcl 

53.ci  r:  1:^  run 

r  i:>  U_lh 

zl  v::tcr. 

6  •  vi: 


1^113  £3 


«tare  c  is  tSa  cr^la  uf  rctatioa,  V  is  tl^a  1  is  ipti 

tzd  E  is  t2i3  field  et^c::jth. 

Tbs-  7^dat  ccarSzata  of  ps^cc:f.i3<3iir  ct 

50*F  bzre  besa  caasurcd  by  Gi"^3“e  sad  FesayCi^)  ccir^  l£_;j.-  cf  iisra  lc“j;!3 
5893*  57SO,  52^61,  and  4353  A.  £aair  val-ces  era  gl^'ca  in  tlis  tcblo  tsic’r. 


wt^  E202 

^93  A  '57^0^ 

5'ril  li 

100,0* 

u.itS 

11.90 

13.52 

22.55 

9S,0 

11.60 

12.03 

13.C4 

22.70 

78.5 

U.s3 

12,45 

14.07 

23.45 

62,0 

12.30 

12.£0 

14.43 

£4.11 

50,9 

12.53 

22.0 

14.^  . 

£4.22 

38.1 

12.^ 

13.15 

14.65 

£4.47 

16,1 

12.91 

13.33 

15.13 

25.00 

0.0 

13.<9 

13.0^ 

15.40 

25.21 

^Zstrapolated 

7.  K?"r.stte  g-;3g^lblHtT 

^T^rccsa  pcrcalds,  liSa  isstsr,  1b  &i:n~~rjeiie.  After 
stadylcs  tto  varlc'as  data  crsllc^le,  Ec-rxib  eS  el.(^)  rc;c:~j2d  tisa  follsi?iss 
▼aluss  for  eabyCroaa  hs"drc£ca  parcsida  at  epgrorS’aately  SO®?. 


Volxos  STiscoptibility,  k..  e^s  eas/ca^ 
^:£8  sasccptibility,  Xg»  c-^S 


Kdsr  risacptibility,  Xq*  csa/asla 
Fsrsseblllty,  P,  C33 


-0.73  z  10 
-0,50  Z  10’ 
-17  X  10’^ 


S!:'rz'3  Is  islic.it-'sa  t!:a;t  tc.r''jrr;t"::-3  c:r-3;:;t3  tie  r~.33  £r::2SZ.~1:J.bl14.ty  cf 
p:rc~iC3,  CTca  v:';;;;5  c'-'„;'33.r:-::''C,:^»  ca  i^£C'3jrp  tia 

tc'r™c3  ncra  i.zztt-tre  ly  c’ ::.i  2.’..j.  Ea  i:.;::-~3rc::';r.'."i3  cf  lis 
Ezziztic  cf  E:-1::ce-3  ^zzeiiiZs  vzrzr  tava  beta  E3'2,  it  is 

i:?£Si3:a(I  t!i2,t  tisra  is  co  cLu"  ~3  la  casa  vsp^rlsatioa. 

Tbs  rcccs2S3.^ca  raltissa  fc?  tba  csss  r^sceptibilltj  of  fcpdrcsta 
psroaida-^'s.tcr  ecl-ltic^  caa  fca  fTca  tba  .eq;i:itlca: 

X.  Z  10^,  caa/s  •  -0,720  ♦  0,213  z 

tebers  w  is  t!i3  fractlca  EcOj*  ta  tba  cslatlca. 
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Esccjpcsisro  e2.'sn3z.’-:30  Er7..:r:3  r~' 


A.  ZmSlPOSIZZCa  HtOCi^SillS 

Ihe  deeospositioQ  of  hydrc^^en  perozldo  x^y  proce^  in  eitlsor  ttsa 
liquid  or  the  vapor  phases.  In  the  vapor  phase,  a  or  fcnx'cnsouj 

decos^sitloi  occurs  at  elevated  te::psrature8,  i^ercas  at  lc«er  tc:i'pco^turc8, 
a  catalytic  or  hetercseneous  deccEposltlon  occurs.  Hrjid-plme  dosorr^csltlcn 
proceeds  through  catalytic  effects  (hstsrcgenscus)  es  voll  as  tircr::^!  loiiaticn, 
electrolysis,  end  thermal  effects  (henegsnsras  dsccrpcaitirr;)^  EeI'™^, 
Satterfield,  end  i’eat'sorth.  In  their  bcch  E^rp;c~'-ij: dlsstiio  tho 
nodes  of  deccn^sltlon  and  provide  ref£res£la^.._,--r:>._-w.-ii  evldcnss, 
booh  should  he  utilized  as  a  primary  reference  ssurco. 

1.  Vapor  l=fcaae  Deegrsosltlon 


a.  Eots/^^eous  Deccnpositlon 

At  teaperatures  above  k23*C  (800*P)  a  hcncseaeois 
decoeqiosltlon  occurs.  Ebare,  et  al.,(^/ have  shoun  that  at  those  elevated 
teo^ratures  the  decosposltlcn  Is  a  seccad-order  bcsrcgsaecua  reaction.  Eiay 
Indicate  that  ^lr.resxU.ts  we  In  agreessnt  with  the  results  cf  other  verhsra, 
Satterfield  wJ  and  Kessser  W  lave  also  sho^  that  at  rofflclcatly  high 
concentrations,  a  co::5iletely  hcnggsnecua  reaction  can  be  proparated  at  Each 
lower  initial  vapor  tea^ratures.  For  exss^le,  I!cn3ar(^)  achieved  a  prc^asatlni 
vapor  phase  reaction  by  spark  Igaitlcn  at  sn  Initial  tesperaturo  of  139*7  at 
a  total  pressure  of  13  ea  Eg  end  72.2  cole  percent  MoQo  in  the  vapor  (see 
also  Section  B,  of  Appendix  V) . 

Kinetics  studies  at  Icval  Unlverelty^5)  iji^icnte  an 
activation  energy  of  1*2.5  kcal/ea-Eole  for  hlgh-ts^pcrature  parsside 

dissociation.  Shis  value  is  in  good  egreesont  with  the  disscciatlcn  energy 
of  the  0-0  bond. 


On  the  basis  of  tills  study  the  authors  of  Bsfercnca  (5) 
postulate  the  folleidj;g  wchanisa  for  the  themal  daccrpcslticn  of  fc^iregsn 
peroxide.  The  initial  end  rate-detezoinlng  step  of  the  reaction  is  the 
splitting  of  the  0  0  bond: 

^Og— ♦  2  03 

The  hydrogen  peroxide  eolecule  is  then  attacked  by  the  @  redleals,  thereby 
producing  ES^  radicals.  Csese  In  turn  react  to  fena  nater  and 


\ 


(This  is  bhclasslfled) 
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n  ■ 


^©2  ♦  ca— ^sOg  +  ^0 

C3  +  EOg  +  M  -  ^0  ♦  ♦  M  (istere  M  i* 

Ebare^^^  calculated  tba  rate  constant  fear  the  initial  sipUttln^  ot  the  0-0  bend 
to  be  10^5 esg?  (-WOOO/KS?)  l.O/Eole-see, 

b.  Esterogenecue  Seeoapositlon 

(c)  At  tesaperatarea  leas  than  425*0,  Tapcr-pJace  doecn^xsitioa 
occurs  hetercseae«jaly  In  a  flrst-crder  reaction*  Sshsrzhf  £3tterflsi2,cnd 
Kentworth'^/  rerert  that  the  rate  of  hstcrccsaecus  dcscrpcsitica 

Is  characterized  by  an  extracrdlnary  ssasltivlty  to  sils^t  chsrc's  la  tha 
physical  nature  of  the  reacticn-Tsssel  earfaee,  as  veil  as  In  its  chcnlcnl 
ccopositioa.  Eie  catalytic  activity  of  rorfacea  In  catset  vith  ^^0^  vrsocr 
appears  to  be  slsilar  to  that  of  suhenr^ed  cisrfacssvo),  Eis  least  active 
catalytic  eaterials  include  fused  tin,  and  alaalTsa*  {yres  treated 

vith  hydrofluoric  acid  or  chrcaic  acid  erhlbits  Increased  r^etivity(l}.  tJpen 
fusing  of  the  pyres  surface  a  decrease  in  activity  vlU  be  notM. 

^u)  The  eost  active  catalytic  surfUees  include  platisun  and 
silver.  Eecco  has  r^ortsd(7)  that  silver -gold  alleys  (ccatainteg  5  to 
gold)  eshlblt  an  Increased  reactivity  over  that  chs^ia  by  purs  silver  pellets. 

31iey  attribute  this  increase  of  reactivity  to  the  lar{*er  8^^ace  of 
pellets  vhlch  are  forced  frest  cetal-oslal  eistures.  Catterfieldv^/  has 
noted  that  platinua  does  not  decrease  In  reactivity  after  prolcr^rcd  ccn^act, 
wlidi  EoC^  vapor  at  elevated  terpsratares.  Shis  la  in  direct  cenirest  to  304 
stainless  steel  vhich  decrease  in  rsaetivity  under  sisilar  eonditicne. 
Satterfield  has  noted(9)  that  under  cost  cenditiens,  cass  trenafer  end  eurfhee 
reacticn  ere  both  significant.  Es  unexpectedly  feu^  that  true  surface  activity 
goes  through  a  earlnai  vith  increased  tssperature. 

(c)  She  theisal  deccr7C3ltlC2»  ^  fcydrepsa  psrosiSs  teis  been 
successfully  utilised  in  gaa  c~2mtoreCd5»li,12)-t-hcre  the  dlstisstlcn  bctvt?Ea 
VBpor-phnse  and  liiysid-rhs>jj@  dsccnposltlca  is  cot  clear.  R3ltlii;:;srv^^  reported 
a  20-aln  successful  firlnp.  She  reacter  U£S  fctrnt-d  to  a  pre-dstczslsed 
tes^raturo  end  50^  unst'bllisod  vns  Intrc'I'iced,  She  rcnctlci  Isscdlately 
ensued  vith  a  cerresynxiing  rice  in  'icrpc-ct^e,  ta  tha  p-scs  vore  cerried 
eras^f  the  Inccalcg  pc^rcnlda  eerved  to  cool  the  reseter,  th^chy  decreaclng  the 
rate  of  reaction.  Eo  prcssiire  surges  cr  prcsinire  osciUatlcns  vsre  cbssrK'cd. 

(e)  Eocketdyaa^^^  vaa  successful  in  doscnstratli:^  a  gna 
generator  vhlch  eshodlcd  the  nca-catalytlc  dsccrposltlca  of  $0%  feydregen 
psrozlda.  E29  gas  gcncratcr  «3.3  jached  with  nlchrcGsa  tsA  stsialecs-stesl 
vire  screens  vJ’JLch  behave  es  "thcroal*  catalysts  at  elorstcd  tserycraturcs. 
Cpcratlca  vss  cc3,tln’.’.ed  fer  75  vith  Is^octloa  densities  (threeghoat) 
up  to  4  Ib/in.^/idn.  The  Ipnltlca  at  the  roncter  vails  vas  fa-isd  to  be 
tcisatlsfactcry;  terover,  Eochetdyns  reported  teat  prepr^asd  atarts  iscerporating 
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jrshcstlr^  of  tlis  by  a  pilot  fls’J’  of  p?c^2ll:3 

rsre  esircssly  crso'tlj  cal  r^satobla.  (c) 


(u)  Eie  TspsT-pIass  doccr^oiitica  et  x^’ccarfca  Icci  f’-as 
1  EB  eal  at  both  cabieat  erl  eleTStsd  ts=::c2atra?c3  baa  fccca  ct:'.iici  (*•->, 

It  waa  fcand  that  os;fgen  at  tbsse  lew  presrisrss  tal  to  crT-rosicbia  effort 
cj  deccEpositioa  rate,  ubereas  «ater  vapor  allpbtly  rotarlcl  tbs  rcactlca. 

Higher  j^essiarea  of  osygaa  or  nltrcpsa  rctardoi  decerrositica  ep::^eciahly. 

Eie  velocity  of  deccc^sltica,  calculated  fear  1  e3  prccrura  of  pcrcsiSs  at 
50*C  by  the  theory  of  absolute  reaction  rates,  vas  O.TO^  10^3  Eol/ca.^sec, 
in  agrees^ent  with  the  oeasured  value  of  O.T^  z  10^3  fiol/c3*^£>c* 

(u)  At  tea^eratares  bales  3a)*P,  the  vs-^r-pbasa  doeo-pesitlca 
rate  was  feusd  to  increase  with  a  decrccoe  la  terp.srst'.r^’e  (2.^'j,  C.2  cl^'cet 
Is  attributed  to  the  increase  in  the  aneuat  of  ab-rrbed  at  ths  carJ-'se 
as  the  te-psrature  is  levered.  !Ehus  a  ensoth  traasitlca  Elpht  ts  csn-cetsd 
frea  vaper-phase  decespositioa  rates  to  lipuld-phaca  dscorp-csltica  rs.t::3. 

Such  a  esooth  treasitlca  has  been  ebsezved. 

2.  Li^id-Ihase  Deecmoeltioa 

a.  Beteregeneous  Cecespositioa 

(tt)  Oie  heterogeneous  decccposltlea  of  liquid  hydrogen 
peroxide  occurs  via  surface  or  eolation  catalysis.  Surface  catalysts, 
however,  exhibit  sarhedly  varylEg  degrees  of  activity  even  thcagh  they  cay  be 
of  similar  cci^osltlca#  for  ezsnple,  the  catalytic  activity  of  eraphite  Is 
quite  different  from  that  of  sugar  ch^ccol  and,  llhevlse,  en^s  bcacblach 
Is  still  different  from  the  others. (1) 

(u)  KetalUe  lead  is  one  of  the  esro  active  fcetsrcgenesas 
catalystsC^}.  A  white  oxide  is  forrvrd,  Fh(CIl)2,  which  is  furthar  osldlssd  to 
red  lead  oxide  ibO^.  Subsequent  to  the  fomnticn  of  the  red  lead  oxide  a  »,» 
violent  catalyslE  occurs,  licrcury  has  also  t:ea  ch3-:3  to  be  clearly  catalytic'^'. 
The  mercury  apparently  undergoes  valence  changes  cccsEeary  for  catalysis, 

(u)  Cc^ar,  silver,  end  geld  all  exhibit  rurfnee  catalysis^ 

Cf  these  th^'3  metals,  silver  la  by  far  the  meat  active  catalyst,  E'\-r::’rtnsr, 

«t  have  studied  the  hc-trrcrcactcue  deec'yraitlea  cf  sr,J  hgdrc..,'3 

peroxide  on  silver  as  a  reaction  cf  fculh  colutlca  t?.:p:ratura,  ci'-vr-r  r.::,'Pxca 
terperatars,  end  preesure.  Tvo  dlctlnct  dcnc’-posltlai  rngierj  exist  vdlh  c.a 
abrupt  trcnsltlca  fren  tse  reglca  to  the  cthnr,  Tits  data  at  the  Icr*;  txrpnratures 
Indlceta  that  chcnical  resctlca  at  the  ellvcr  rarface  ccatrola  the  rats  of 
peroxide  daccxp-oaltloa,  end  this  rate  of  dsccxp.cslticn  strcxgly  Infl’.icncss 
the  transltlcn  tctvcea  both  r«glcns.  At  high  tcx-craturna,  the  dcncvycnition 
Is  rata-lialtcd  by  heat  traasJ'er,  At  ccnetnnt  buih  eolutlca  tnc-pni'aL^a, 
the  silver  surface  terperaturo  and  tha  FgCb  dsccrpcnitica  rate  Inereasa  vita 
lz«rrca:sl2g  pressure  in  a  Eanasr  expected  for  a  heat-trnnsfcr-linitsd  prwiena. 
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At  ccs‘ctr:t  ircrc3r.ir:.3  cc2::Lt£ca  ttrr^crw^ssra,  tls  eIIt:? 

esrfacs  tcr"crc.-t;:rs  elc^  i^icrcsccs  11:3  tj£::--C3.23  |;“C.7’:£^  C:2;';.:".::.':£-i£a 

rate  6=3  tie  cil'irsr  ls-3  rate  elisvly  t=-:===cc.c=3,  Cz;^lz^i.ol!^i)  ££.-3  rc:-.:ric£ 
tliat  tie  rate  of  Coecr^aaitlca  r=3  c'-cr^zat  tie  catii^-at  curizae  t:,;  .3  irz-iara, 
reacMr^  a  rrslraa  at  tie  caset  c£  fcaat  feaaafcr,  Ea  ciaarvcd  ■^at 

the  Easl.'r:',;^  rates  fcr  SCp  crl^eat  at  ataat  IJO®?. 

(tt)  Eacssse  of  nca-rcarcs^aoiblllty  in  the  reastlvlty  ^ 
silver  catalysts  tcvarSr?  hi'lrcGsa  percsiSe,  IE2  dsvel^^  a  cetica  cf 
altering  the  surface  (1^)  by  trcataest  «ith  cezariua  nitrate  (£={133)2). 

JEhls  treatcsnt  subatEatiaUy  Irprcrcl  the  reprc£aaiblllty  cf  the  catal^t's 
activity.  Another  Eothoi  cf  enhencirg  tha  catals’tic  activity  cf  eilvcr  is  by 
aUcyins.lt.wlth  gold  or  platizan  tiieh  recizcca  vz~cr  tiztisg'at  tl'e  C2.tei;?2t 
rcrfaee  Sheca  alleys  have  tc=a  fc=*3  to  ba  tz^ierlcr  in  activity  to  a 

^(^03)3 -treated  silver  catalyst. 

(c)  Rochstayne02)ha3  rqp-crtaa  the  devslcyaaat  cf  a  hirh- 
te^.. -.-oture  refractory- catalyst  fj=r  I^Co.  Eho  basic  ccatltS,  ishich  is 
aj^L  et  to  Btaialess-ateel  screens,  is  ccry—sed  cf  silver,*  cany^nese  dlcside, 
and  alunisua  onida,  Ctiier  additives  vera  cersldered  with  rceycet  to  catalytic 
activity.  Glnoa  vsa  Intrcduced  to  prer^sts  •tetter  cCheronca  to  the  creriace 
and  gold  w&s  added  to  increase  the  activity  cf  tho  basic  catalyst.  £"=^'=a 
oxide,  £=203  i  «is  wsed  to  eliminate  the  need  ter  final  eetlvstica.  Ec-chetd;v:e 
deacoatrated  tha  ability  of  the  catalyst  to  raatala  efficient  dsccnsscsitlca 
of  high-strength  percside  ever  a  total  durstlca  of  3^  sec, 

(u)  jhe  elenentspalladiuscnd  platima  sre  active  catalysts^^^ 

In  the  hydregfiaated  state,  fallndlna  beecEea  even  esre  active.  Eta  presence 
of  alkali  increaess  the  reactivity  of  plntinna  while  acid  inhibits  it. 

(u)  Ancthor  wall-hncr-’a  end  native  catalyst  is  Etn^g^nsse,^^^ 

In  the  case  cf  tha  Enngznous  lea.  It  is  thev-ht  that  no  cttalj^ls  cccsxa  watll 
the  solubility  prclust  fcr  cnrv::ncu3  fcydrcnlCe  I3  renehed,  Erzs  the  de'vrea 
of  alhnllnlty  dot-rnlncs  tl'-s  rcc^ctlvity  cf  tha  thn^'-nc-za  lea.  &o  Callfcmia 
Institute  cf  C.:'-'h7:clc37  tea  wnriono  fcr  their  hy'dre^ea 

peroxide  yns  generent  ctuilcs. (£'■>>)  r~“y  ccr.=l-_-dcd  tir^t  the  0=11.-53  cf  lend, 
cerlusa,  silver,  cnninnssa,  end  vnnzdiza  ylcla  eocl,  eclld  cathlyhio, 

(u)  Ecccr-ccitlca  cf  hylr-rgca  la  the  li-gnld  jhsr;* 

also  occurs  by  eolu-iiea  cr  L:n::';3:..ner.:3  cz'iaSyi-ie.  E'.eso  ore  C::hch.n:33  wb.ich 
exert  a  czplytia  cihhct  while  la  trua  czlcc.,::.^  salutlca.  E:n=:,-les  cf  t.';;e3 
subatsnessid/  ere  t'la  fcilcgtria  (cxcci^t  fl'^inrlno),  irca,  cc-^rir,  yrTr::rr:cn,r,.nte, 
ehroeiua,  Eol:rl-.  irrra,  end  tungsten.  Llg-^ld  catalysts,  tend  to  f-roslt 

a  residua  ca  exyoss-d  rurfnesa,  but  they  ehav  xts-glislbln  Igaitia  dalnysC^'^) 

•-an  excellent  fsnturo  in  gEnsrctica, 

b,  Esscgcnscjcfl  Esc-crgo-sltlca 

(u)  Eho  b'™:'rr'.e-~"r.'5  d^'-'-grsltiea  cf  hT.'hrrgm  E-.rrrr-'r’e  la 
the  lir=id  jrirso  cry  to  thrrr.ny,  by  rrUhtica,  cr  by  elrcti-oJyoia. 
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tiia  Ic^st  efc^ificrat  cf  tiis  xrcccr^^s  is  trcr^'zl; 

eicsit  b7  pj:r3  cfi’c-sts. 

(u)  E2ccr.3c3itlea  of  fc^ircc^  pc-cniia  nij  csc^sr 
pS^kochsslcal  or  rcdioclicaical  jrcsesssa  but  it  is  i::}C5  riTclr-.-jcIa. 

Fcrcsl£s  is^not.effaatsd  by  e:;50sare  to  ll^it  of  ft  Vuvelcr jili  creator  tt-oa 
about  33C0  A.(^)  Eyurcssn'  parcside  ebsorbs  la  tbs  lafroroS  roclca;  bo-roTGr, 
thsse  frecusaslea  do  not  cause  deccrpcsltlca.  Ealntca  czd  Erroottcnl^^)  tr,r^ 
indicated  tbst  for  Ictsasitles  up  to  ebcut  lO^-T  cos  erd  ccaco'etraticaa 

13?  to  20  Eolar,  the  rate  la  directly  jsrcpsrtlczal  to  the  fc:'^r'oa  pcrcof-ts 
ccncentratlca  sad  to  the  esuare  root  of  the  Ist-rrdty.  Eferilorly,  roillcohrrical 
deccr^eoitlca  of  ceneentrotod  fcySrcrca  poo'crtltoCl)  (via  S-roy  cr  Y-rot;*.,“tlca) 
is  ch.?iro.ctrriEod  vith  reactica  ratoa  prctortlrr.al  to  ccaccntratica  cf  the 
percslde  cad  to  the  square  rest  cf  the  iaterrity. 

(u)  Eydrecen  peroriSe  esj  be  elsctrolytlcally  dsccryesed  to  fora 
hydrosea  cad  ozye^a-  At  hish  curreat  deasltioa  the  overall  prccces  is; 

h°z - *■  h  *  h 

Interestinsly,  ea  the  current  density  la  decreased,  the  yield  of  hydrecea 
beccssea  less  sad  less  sad  finally  disappeara,  Eovever,  the  cz^^sa  is  llhemtsd 
ftt  the  eacde  quantitatively  ^  the  preportiesa  of  cue  Eolo  of  c:”“sa  for  every 
two  Faradaya  cf  electricity.'^/  52:a  reason  for  the  chrrr.cl23  prcpertlca  cf  ^ 
ftt  the  cathizio  is  not  thorcuphly  undsrstoed,  A  rcascnrhle  czplaaaticn  veuld'^ 
be  that  the  hydressa  reacts  with  the  porcsdLde  ftt  dccreasins  curreat  densities, 
thereby  producins  tvo  calea  of  water. 

B.  aCASILIZ.mCT 

(u)  BJydrcsea  perozlde  when  fsree  frea  ccatcnlnsata  end  whsa  atcred  in 
ft  thcrcuchly  clem  ccntalrer  of  acn-catnl*:i;ic  Eatc-rlal  is  &  very  etnhle  rrb  stance 
ezhibltir'.p  nlnlrr.l  dtcc-::"pc.2ltioa  durlts  cterepa.  Co  cnrrr®  p-rper  ctrrrhility, 
the  factcra  vtiich  eflact  tl:e  etehiltty  cf  pea-.r*;l-’e  E:z:t  to  urC.rretecd  end 
enprcrrlr-te  sotim  te.’:;-;;!  scccr'lim'ly.  Chcce  fr.ct'rs  E'ry  be  c;rrrcr,i.cutl.y 
catccrrircd  es  tclrp  cnt'mol  cr  intcrrol.  Enirnril  fneters  lnrI--’o  rnrlnse 
effects  r,ich  ss  t,.  ':crlr.l3  cf  ccnctruntl"';!  end  tho  £;;.n"rrv:‘-tr-vcl:i...o  ratio. 

Other  cntcrrol  f'ctrro  deal  vllh  tha  cTlcoto  of  t'-n'ralrro  end  r-'tlctlco. 

T.'its  ch:;:.l:.-l  ret;:.,:',;  cf  etahlli-'r^  ty-;,:. re ■ 'i  i''r:n:.,3  0:7  to  cr:ri: 
intsr;%:a.  faetrre.  Ct  no  Ectlclo  fJ^a-lnut  cf  i  J  cud  €:,o  cllitlcn 

of  various  epmts.  Cnee  ctchiliccrs  corvo  to  rcstraia  porcside 

deccEP'Ositlca  rcsultins  frea  catalytically  ftctive  ccatasinsnta. 

X.  Frt'^rrs.l  Fretcra 

ft.  &irfac«  Effects 

(c)  51“5  dree''?"'?,?!!?.:;;!  of  hFlrc.''en  psrc-slde  durlr’’  cterr'*o 
ia  c-2r,erslly  ft  result  cf  hilcrccmecus  reactica  at  t:-:3  ctnlainc;?  vtlJls.  Acccrdlr.3 
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to  £e!:nr:i>,  c::^  t'c-:i1r; 


k.>^  %h^p 


(1) 


L3  re 


'::il  to  t!:3  r«:?fr.33-t5-T::,I.u:r5 


t2ia  fiocc::~C3i'iica  r^ja  cf  _ -„  -  - 

ratio.  Cils  is  lo  r^irc^r-t  vitl^  r;;50  (2-^/  tlio •  f c::::3  t:3».t  fiscer jc3itf.ro  cf 
psrcolSa  is  trtcr’cj'.-'.crra  ard  Crjrr’rot  tj30  tiro  vzlt  esrea  cf  tea  irzicrrrd 
eurfiaca,  Erro,  it  era  to  rocdil^r  erro  toot  erorejositloa  ESy  ba  ciofreisrd  by 
reducing  ths  eurfaca-to-vc2ao3  ratio  to  eo  coall  e  valua  as  possible. 


(tt)  An  ecually  Irjcrtoat  cjsrface  effect  is  tba  catalytic 
activity  of  the  stcrags  vessel  catcrial.  lohoratcry  coatainara  constructs  of 
borosilicate  ^.ss  (jyrex)  are  quite  roitable  for  ccaceatratsd 


and  atorege.  W  latcriala  of  ccnstructicn  of  jarticular  interest  for  fcyiregea 
peroxide  e|*8  elualnuaij  tin,  end  certain  etainlcsa  etssla.  Shell  Esvelcjoc-at 
Ccaaiay  (2^)  la  of  the  ejinien  tliat  centoiosrs  cf  very  pure  tin  veuM  ceoeo 
lesa  heterejensoua  descojcsitlca  then  ceoteiners  coda  cf  very  pure  a2r,3f3;33i. 

She  tin  EttdJlllss  CZZ3  cf  the  catolytlc  icon  in  ecluticn  in  the  tj-di'rjen 

peroxide,  lihatsver  caterlal  ia  used,  Ita  rurfeces  E.:st  be  cnooth  end  free  cf 
all  possible  ccjjrr,  chrcciun,  iron,  Icod,  cr  cthsr  catalytic  elc-cnts  to 
achieve  the  e|;zhilitic3  rc^oired  fer  Icoj-trra  ctrrrje.  £ch*3d>,  Eotterflsld, 
and  Kentvorth{l)  tava  ehcon  that  the  doecrj-ooitlca  of  7C^  hydrejen  pereside 
ia  Bcre  than  dcobled  ifhca  a  S9.Cp  elunin”3  ctoroge  ccntalncr  is  cuhstituted  fer 
a  very  pure  elnolnua  ccatainer.  E:ry  ctote  toot  cne-hslf  cf  1^  cr  less  of 
isjfurities  ia  a  cetal  can  cause  a  distinct  rise  In  the  deecnjcsitlca  rate  of 
hydr^sn  jsrorida,  Ehaia  it  ia  cecsseary  to  prcjsrly  passivate  any  eurface 
that  essy  cema  in  ccatact  vlth  to  cini'sito  the  rate  cf  fieccrjoeltlcn. 

A^in  it  la  Isscrtcat  to  note  •^t  best  becraits  ere  cbtainrd  vhsa  the  ccatslner 
surface  ia  aa  czooth  as  psossible  to  cinirlse  rurface  area  end  to  dscrense 
the  chance  for  inclsislcaa  cf  catalytic  catrrial.  Ese  also  Appendix  HI  on 
Eiterlals  ccrpatiblllty  end  Sactica  E  cf  Appendix  IV  for  the  recccssndsd 
clesnlng  and  possiveticn  procedures. 

b.  Tcs;S>erature  Effecta 


(u)  tee  cf  the  cere  i-jertont  focters  in  ccstrollicg  the 
deeonpositlcsi  cf  fc''drc:-:n  pr-rc^rido.ig  t:;,j  C'  '‘■ml  cf  th.e  tulh  eoluticn  terjor- 
ature.  Echunh,  Euttcriield,  end  L';iva  noted  -that  ia  the  50  to"  TO"C 

temperature  rm'-e,  a  10®C,ri"3  in  f'-y  loerrasss  the  doscmjcsltlon  rata 

by  a  footer __cf  2,2  *  0.1.’  Eu  Pent v- s  E-hidied  Ic'm-tc'.jcrntora  etcreja 
cf  50  end  in  pee-ie^trd  Ij-e-n  c'  -'m  ceretnJners.  Eu  Pent  ccnsl^elee 

that  in  the  celid  st’-ta  ct  -CZ'-'G  re  d ''1333  cf  either  50  cr  5".^  ror-:;e!do 
could  be  dstceted.  At  -SO’C  I'-.a  i-.:?  T-  ;  (c'-lfj)  ctill  eheved  no  deccrejeeitloaj 
horever,  ths  vl-?.ch  vm  la  2i'  cjallilrlun,  Ehcn"-d  a  h'iTcly 

detcotnble  cn.cust  fcf  'dr;ec,3j''''i3?.?;3i.  At  C' v  t' 5  p.rcnida  Is  llp'/J.a  end  the 
dccdpcsitica  rates  vury  ccr:3Si'-;33hIj,  dej-rrii'-j  ca  C'e  entree  of  FjOa. 
B®ccs!je3itlp.^ir"jad  frea  umistectrhie  to  a  rm-ml'asa  cf  O.P,1  per  year. 

Eockstr'yna  Ma  sinilsurly  elzliri  the  xc-ta  cf  dsecrjssitlcn  cf  gO  and 

SZfi  hi^ircsea  porcside;  tmzvcr,  eh:.diE3  vera  ccadaet-d  at  cls'.ated 

tenparatursa.  A  Eyrax  gl^sa  cdjmvitoa  vas  utiXissd  vhich  had  curracc-to-volune 
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erd  vs:jcr  vclms-to-ll^oid  vdtrzs  rc,ti03  cf  6.0  e~c!a.  rr;o"ri.:^C3  to^ 

3£0  psia  ^•D^a  iL:£d  vltii  ti.3  end  c^  tT  to  Z^O  p.:':4  tl-'ni  tLo  S-jS 

Eno  results  of  tala  study  ere  circa  la  Sa'da  I' end  tzlizz'z^i  tl-nt  tiz3 
deecrjosltlGi  rata  of  E2C0  Inorcases  ercatly  et  '.clcTated  t:“7"rn’''.rc3,  e::"3. 
It  esa  readily  be  sssa  tLat  the  stability  cf  fcydrecea  perQi:il3  enrirj 
la  directly  effected  by  tGo^eratura  cad  that  the  stcrece  ten^^eraturo  Ehculd 
be  kept  es  lev  as  practical  to  Dlalaize  doccoposltlca. 

e.  Radiation  Effects 

(tt)  Bie  photochemical  asd  radlcchcalcal  daecressltica  of 
kydresea  peroslde  can  tare  a  slsalflceat  effect  ca  sterr'e  6tabillty(^', 
Artificial  li"ht  sources  do  not  cease  esy  e—rcclable  diiTiceltiea  beeei'ee 
the  VS.VS  l£:r3-hhs  Involved  are,  fer  the  test  lort,  not  cheerbed  by  the  perevide. 
She  ultroviclat  vovolce-ths  fTcn  Eunll-cht  could  czzizs  E^^reeialle  C'.:e:::;':aitie2 
hevsver,  gloss  quite  effectively  ftltora  cat  the  chert  vnTelcr. j:h  r:.'f.:viica 
of  sunlight  i  Ihu3,  to  ensure  stcrcca  stability,  mdistlca  cost  be  tifeerrlecd 
by  keeping  peroxide  stesrege  ccatainora  cat  of  direct  caalight  and  auny  fren 
hlgh-lnteaslty  radiation  (x-rays  and  y  -rays) . 

2.  Interaal  I^etcora 

a.  Acidity  (p3) 

(tt)  Eydrcgea  peroxide  csy  be  stabilised  by  adjusting  the  p3 
of  the  soltttica.  Schuhb,  Satterfield,  end  Voatuu?th(i)  state  tint 
uncontaalnatod  soluticns  cf  hydrogen  peroxide  are  cost  stable  at  a  p3  slightly 
store  acid  than  the  "natural"  p3.  It  has  been  ebsorved  that  cscirua  stability 
occurs  In  the  p3  range  of  U.O  ♦  0.5 .  Also,  the  core  ccaceatratod  colutiens 
appear  to  be  snre  stable  than  ^e  mre  dilute  solutlcas,  cad  varlatica  In  p3 
over  the  range  of  2,5  to  5*5  baa  only. a  slight  effect  ca  rata  cf  dscorrgooltica. 
die  deccrgosltlcn  rate  for  cenooatrated  E-04>  is  seen  to  cl:.3atficaatly  increase 
as  the  solutlcn  beecnes  core  alhallne.  It  Eny  be  ccncin:’:!  f  at  catalytic 
deccnposdtlca  eny  cacur  e-«'ca  la  the  cost  carefully  rnnlflcd  tg'rr-ra  p:.rcnlde 
by  Biechnnlr-js  vhich  ere  favored  by  ccndltlcns  core  or  leas  cold  eheut  4 
to  5  pH.  Sherefere,  careful  control  of  p3  is  nsosoeary  for  etcrags  Etahility. 

^2  bha  presoaee  of  various  cctal  lens,  e.g.,  Fa^^, 

Cu  ,  or  Cr  ■’,  a  shanp  cnnl-.-a  rata  cf  dcccngoaitlca  vlll  occur  la  tha  vicinity 
of  pH  3»5»  Ehls  pc:.Uv  dcc3  rot  enict  vlth  rnra  hvfrcgcn  r rrccfr.o.  It  Is 
thoughtV'l/  t;;at  the  Ff:?.rp  Incrccsa  In  dec,,  g.oaitlcn  rata  vith  I’Z  la  e'tcciatcd 
vlth  the  prcguccclvs  tz''x-o1yzLs  cf  tha  dlccolvcd  estefyot  to  fern  a  coIIclCol 
hj-dreus  c.-:'fa  (cr  pcaoibly  sll-htly  coluhla  basic  ealts)  Lavl-g  a  relatively 
large,  catalytically  eetiva  eurfaoa  In  cantaot  with  tJre  F-g-j  Eolutioa.  dha 
arepid  decline  in  tha  rate  cf  deocrr'csitlcn  ugca  further  .lilrfcaaa  la  p3  c~y  be 
attributed  to  tha  ccagulatlca  cf  th3  'col2.old  end  thus  to  arclucticn  la  rcrface 
area  crgoccd.  As  tha  eolutlca  beocccs  core  clhnllns.  It  vlll  ta  noted  t!rot 
dcocrgcsitlca  inorcusea  ea  irith  p-ura  i*,C^.  I:-tcrc3tlrgly,  rolt’r-r  ellvc?  near 
asnngoncus  ions  crert  cny  p-rcncunctd  cufiuytlo  eotlvity  at  cufficicntcy  ccid 
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ceaaitlds.  ic23  ore  jprccsrit  -la  cel^itiEa  ea  -Ga  clr^la  ca^icaa. 

Ehea,  hcrsver, .  tha  p2  Is  lacrcaasa  rafriciaatly  EO  t!ait  tl:3  ealias  c*  taaaa 
cetala  csy  prsclpltata,  a  rapid  e^d  great  iserears  la  tha  dcecapcaitica  rats 
of  th“  psrosiae  easaes.  Eius  it  cea  ba  ccaclafed  ^:st  t!:9  x.3  valaa  et  v^icb 
A  peroxide  aolutlca  is  isoat  s-toibls  ceay  vary  depsadisj  tLa  catalytic  leas 
and  stabilizers  present. 

b.  Stabilizing  Agents 

(u)  If  hydrossa  parcsifia  coaid  b«  prsparsd  ezi  kept  In  tha 
total  absence  of  catalytlcally  Active  rstsrials,  no  Eteeilirers  tnrjld  be  reeSod 
to  ensure  storeg®  for  long  per^lcds  at  criinery  tcrp;re.-:’ei'a  c::~rccie,bla 

less  by  deccrpseltica.  £t~!ilis.2.tlc3,  esila  frea  ccxirol  cf  tiae  £2  c-.;i 
tcrpsrat’ira  cf  tie  pererlie  soluticn,  eersists  of  irestlvatirp  ca-.:~lirbicelly 
active  Eubstsnees  vhich  csy  be  pre-sont,  eltlier  discol'-cd  cr  in  tile 

solntlca,  cr  bold  in  the  -Killa  cf  tbe  ccistsirer.  It  decs  c-t-  ccasist  cf  tii-'crtlzg 
scaa  sutcisscrpcsltlcn  process  of  fcydrepen  p^rrcsic'o  ltself".Ci)  dus,  tke 
addltlcn  of  stcbilislrg  egeats  to  ccnccntrated  fcyirccea  percslda  eelutlcns  of 
exceptional  hi£ji  purity  in  a  clean  end  inErt  centainer  fails  to  reduce  fUrtbar 
the  rate  of  deccspaeitica  of  tba  pcrcnlda  coleticn  to  Any  icpcrtcat  daprea. 

If  the  specific  nature  of  the  Irpurlty  vera  tnsua,  it  Eight  be  pcssibla  to 
choose  a  stabilizer  ca  tha  basis  of  Its  E£aaiflc  eatiax  cn  the  l:r:urit7. 

Most  often,  horaver,  the  catura  of  the  ccataainatica  is  tschnsm  a  can- 
specific  stabilizer  cay  be  care  deslrsbla.  Further  lisltsticns  on  acceptable 
stabilizers  are  set  by  the  dctcricratlsg  ectlca  of  th®  tj'ircgan  psrexida  on 
the  stabilizer  and  by  the  varicua  ^ays  in  vhich  the  hi'dregsa  pcrcslda 
Bsy  be  used. 

(u)  A  large  curhsr  cf  stsbllissrs,  both  Incrgcnlc  end  organic, 
hove  been  tested  vith  hs’dregea  pereniSs  eolutlcns,  Ancrg  thesa  rub  stances, 
the  Bost  notable  success  eppears  to  thve  bsca  chtuined  vlth  ecUxis  C't:nr.ata 
or  with  8-byirocvX-lr-3lin3  (cnine),  cash  in  tl-.e  prcccuca  cf  a  colubla  p;crcphcrphnta, 
car  a  phosphata-ppre:::' c.r-late  Elntura,  these  three  c'.:hr.tuscss  (st.—r.-ta,  cnina,” 
and  phosphate)  ere  discussed  la  the  follo'-lrg  parsers;- hss. 

(l)  Stonaste 

(e)  Ec^lua  Btsrsrts  (rcr;:.37.S'’-'S-)  ferrg  ce?.lc:''~l  h"ircu3 

itsanlc  cside  (ruDg^z-gO)  by  its  fcr^rorpsio.  r;'  thsc;;h3  c'-lrlp-tic 

lens,  Euch  A3  ferric  ierr,  la  ca  cirsctlTa  nur^rr  e:'!  tvuca  ir  rerea  t:.:? 
stability  of  ccul-rlrrtsd  hyercc^a  pcrculda.  Elrll  rcvclcpusut 
has  Ehcca  that  5C^  E-C:,  etsblliscd  vith  Ecfiun  ct-^uu-ute  era  be  sterrf  la  a 
Pyrex  ccatainer  vith‘'Q‘"dccc~posltic3  rata  c?  O.CC'C3  ycar*’^,  the  crdltica 
of  the  stsrrata  tffccta  the  Activity  cf  tho  eurfhea  la  ccntTiCt  vith  It, 
reducing  this  ectivl^'r.gsnsmlly  to  a  ccsclsteat  value  fear  a  partlexilax 
rurfaco  prcparatica.W/ 

(^)  If  cediun  etrrsats  is  Added  in  ercrsTslva  prcrcr-tlcns, 
the  p3  cf  the  eystsa  inorctsca  tua  to  tho  fcyhrolysis  cf  tha  cr’lun  et-uv.urho 
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and  this  i5iy  result  in  a  rsductica  of  pnrcnids  stntsility.-  Etcinnate  is  cnst 
effective  if  the  pi  of  the  hydrc^iSn  percisicla  eolutica  falls  tst^raen  3*5  cni 
6.  AtapHof2orof7,  the  dsccrposltica  rate  for  the  eaaa  solutica  eay 
rise  as  tmch  as  tuentyfold.  Sodluza  straiate  is  particularly  effective  in  the 
8'tebilization  of  hydressn  peroxide  esainst  ferric  ica.  An  pptiaua  easant 
of  SnCfe  (added  as  E&2SxiQ^%^E20)  cay  ranse  frea  1  to  60  ppn,  end  the  ratio  of 
stasnate  to  ferric  Icn  m:y  vary  fTca  13  to  26  for  Iren  contents  above  0.3 
ppa.  Hoover,  sodiua  stannate  is  not  outstaeding  In  its  effectiveness  against 
eontaalnatlem  by  copper  cos^ounds.  Xo  restrain  adequately  the  catalytic 
Influence  of  as  little  cupric  ion  as  0.1  ppa  it  cay  be  necessary  to  add  up 
to  63  ppsa  of  SnOtgCadded  as  stannate). 

(c)  Shell  Develcpssnt  Co.(^^  has  reported  ruceess  in 
developing  an  effective  stasnate  stabilizer  solution.  This  solution  has  been 
obtained  by  partially  neutralizing  sodiX3  et:::nnat3  or  potnssiua  stannate  in 
90^  EisOg.  Addition  of  this  solution  to  E-Co  of  Initial  high  stability  end 
further  neutralization  in  situ  have  given  reoErSably  stable  fc^'dregan  peroxide 
(decoc^postion  races  of  0.04  to  0.0S.Vday  at  1C0®C).  If  the  $€,1  hydrogen  percside 
is  of  lower  initial  stability,  it  can  be  inhibited  raly  to  0.2^i/day  dacenpesition 
at  100*0  by  this  tceans.  Ry  passage  throu^  a  bed  of  stannic  hydrate  solids 
precipitated  froa  sodium  stannate  solution,  9C^  EoCg  ot  lever  initial  stability 
can  be  inproved  to  give  a  deccsposltlcn  rate  aScut  0.l£;^/day  at  1C^*C. 

(2)  Oxlne^^^ 

(u)  Of  the  nuz^rous  stabilizers  which  have  been  studied 
for  use  in  ecmcentrated  hydrogen  peroxide,  particular  ceatlca  has  been  cade 
of  such  organic  substances  as  S-hydroxy^uinollne  (ezine).  Shis  stabilizer  is 
often  used  as  the  pyrophosphate  derivative  or  in  ecajunctlca  with  a  soluble 
phosphate  or  pyrophosphate .  IBie  mschsaisa  of  the  etabillzatica  process  Involving 
oxlne  Is  not  entirely  clear  la  all  its  details.  In  the  pressnee  of  irci 
centaainatioa,  oxine  alone  has  little  If  any  protective  actica,  yet  in  the 
presence  of  phosphate,  or  preferably  pyTcpiosp!:at9,  It  cahss  «ui  effective  stabilizer 
egalnst  the  influsnca  of  eas-ll  ccnocntraticsa  of  certain  catalytic  ccntsolnants, 
including  iron  ccapcunds.  E'le  Gemons  during  IJcrld  Vox  H  stabilised  their 
E2O2  various  cilltary  p-urposes  with  oxlne;  feerrrer,  lihe  other  organic 
ccE^pounds,  gradual  ouidatlcn  by  fcydregen  percrzlde  occurs  on  Iccg-tera  stcrege. 

Xhis  becGTiSs  core  prchable  if  ccatariuatlcn  by  ferric  iron  tas  tahea  place 
in  the  fcydrcgaa  ps-rcxldu  solution  bocaure  the  oaidaticn  of  oxine  by  hydre-en 
peroxide  is  narhcdly  catalysed  by  ferric  ccr:;pc-:j:i3 .  Esuevsr,  If  the  stabilizer 
also  contains  pyrophosphate  Ion,  the  ferric  ica  cay  beccue  Inactivated  by  interaction 
with  pyrcphospruito  ica,  so  that  the  czldstlcn  of  oxlne  is  reduced  to  the  extent 
that  the  stabilizlr^  effect  of  the  eixture  cny  be  prolcrgsd  for  essay  months 
of  storage,  even  if  slight  con'tusinaticn  by  ferric  ion  occurs, 

(3)  Fbosphatca^^^ 

(u)  Sodiua  ryrephoephste  .  ICH^t)  alone  is  capable 

of  fcoldlrg  in  chsch  at  least  10  p-a  ccntaoilaatlca,  but  it  caaaot  effectively 
central  e-ven  a  fsv  ppa  cf  ccjgar  ccrjrcrls.  Its  protective  EC'-’—r-iaa  e~pcara 
to  ccasist  of  actica  with  euch  dlorclvcd  catalytic  lens  ta  vhich'are 
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either  precipitated  cr,  ta  the  preaeaca  of  ca  esceas  cf  J5rrc;;;:hcr:-hat3, 
cc37ert£d  Into  relatively  stable  ccqplaaca.  la  either  case,  tha  catalytic 
effect  is  largely  ellslaated.  It  secaa  Irprchable  that  pi^cyharyhate  chaald 
directly  influaase  the  fcstercseascua  dcccraosltica  prccess,  •  caeapt  InaaCar 
as  it  cay  iiiactivats  cetal  ions  vhieh  othcr-srilss  cay  lead  to  the  fcraatica 
of  catalytically  active  solid  products.  It  is  also  to  bo  bom  Is  isiad  that 
pyrophosphate  id  la  itself  subject  to  gradual  hydrolysis  at  crdicary  teaperatures 
in  aqueous  solutions: 

+  ^0— »2EK^‘® 

It  is,  of  course,  esssatlal  that  the  pyrepheephate 
eaployed  for  stsbilizatlcn  purposes  ehculd  Itcelf’bo  chsalcally  para  cad, 
in  particular,  free  fren  irai  ccataaiaatica. 

•Eio  optlEua  prcpcrt'*rn  of  p^ephosphats  fer  stablllsatlca 
against  ferric  lea  has  been  studied  by  Schasbv^^/,  Ee  feuad  that 
stabilisatiens  for  irca-ccntaalnatsd  cdcsatrated  lydrepea  parosido  solutlcas 
occurs  at  a  ratio  of  "to  of  3.8  to  9.0.  She  pa  of  these  solutlcaa 

should  reaaln  distinctly 'acid. 

Sodiuo  bypephosphita,  fcas  bean  feund  to 

be  sllgtly  less  effective  against  ferric  lea  than  pyrqjhcsphato,  but  erually 
effective  against  cupric  ica.  Ferric  pyrephosphata  is  distinctly  catalytic 
in  aeticn. 
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AFPEZron  III 

CCMFACTSmTY  0?  MJiZSPJALS  WI!Ig 


A.  MATERIALS  EVALUATION  TESTS 

The  evaluation  of  the  conpatlblllty  of  materials  vith  hydrogen 
peroxide  requires  definition  of  both  the  effect  of  the  material  on  the  hydrogen 
peroxide  and  the  effect  of  the  hydrogen  peroxide  on  the  material.  Test  pro¬ 
cedures  are  often  specifically  designed  to  define:  (l)  the  quantitative  effect 
of  the  material  on  the  rate  of  decocposltlon  and  the  stability  of  the  H2P2, 
i  (2)  the  qualitative  effect  of  the  on  the  material  Itself  such  as  corrosion 

of  metals  by  either  the  liquid  or  vapor,  and  the  hardening,  svelllng,  blistering, 
deterioration,  dissolving,  etc.  of  plastics  and  elastomers,  (3)  the  possiole 
!  formation  of  Impact-sensitive  mixtures  of  the  materials  or  of  corqionentB  of  the 

material  vlth  H2O2  during  contact,  and  (4)  la  special  Instances,  the  suitability 
of  the  material  for  the  Intended  application. 

1.  Cozgpatlblllty  Tests 

The  effect  of  materials  on  H2C^  decomposition  and  the  effect  of 
the  H2P2  on  the  materials  Is  nomally  evaluated  by  lionerslon  of  the  sample  in  the 
H2O2  vlth  a  standard  vetted  surface-to-Hp^^  volume  ratio,  at  controlled  standard 

*  temperatures,  and  for  standard  periods  of  time.  ElC  Corporation  appears  to  have 
conducted  the  most  con^Drehenslve  standardized  compatibility  tests  and  has  adopted 
the  foUovlng  standard  test  conditions:  6urface-to-H2P2  volume  ratio  of  0.33 
ln.2/in.3,  temperatures  of  30  and  66* C,  and  time  periods  of  4  veeks  and  1  veek  for 
the  respective  standard  temperatures.  Their  complete  test  procedure  Is  given  In 
Reference  1.  The  test  Is  generally  applied  to  solid  materials  but  can,  vlth 
slight  variation,  be  applied  to  greases. 

Rior  to  performing  congjatlblllty  tests,  all  the  surfaces  of  the 
samples  and  the  glassware  must  be  scrupulously  cleaned  and  passivated.  The  pro¬ 
cedures  for  cleaning  and  passivation  utilized  by  UlC  have  been  developed  by 
experience  or  by  laboratory  studies  and  are  presented  as  part  of  the  compatibility 
test  procedure  given  In  Reference  1.  A  more  thorough  discussion  of  preparation 
of  materials  for  H2O2  service  is  presented  In  Appendix  IV.  The  results  of  the 
Immersion  compatibility  tests  for  the  effect  of  the  naterlal  on  the  rate  of 
decomrosltlon  of  the  Ife02  are  reported  as  the  percent  of  active  oxygen  loss 

•  (J^AOl)  from  the  contacted  HoOo  per  veek  at  66*C  (151*F)  and  per  month  at 
30*C  (86®r). 


The  effect  of  the  ^92  on  the  material  itself  Is  determined 
visually,  e.g.,  corrosion,  staining,  bronzing,  pitting,  svelllng,  bleachir^g, 
blistering,  surface  disintegration,  etc.  Weight  or  dimension  change  measure¬ 
ments  are  lot  normally  Included. 
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2.  xnen:a.l  Stability  Tests 

Following  a  compatibility  teat  of  a  material,  IMC  Corporation 
evaluates  the  thermal  stability  of  the  remaining  hydrogen  peroxide  by  heating  It 
for  2k  hr  at  212°?.  The  procedure  for  this  test  Is  given  In  Reference  1. 

Althou^  this  procedure  has  only  recently  been  Included  in  fMC's  standard 
compatibility-evaluation  procedures,  it  has  been  employed  by  them  for  many  years 
in  evaluating  the  safety  of  storing  hydrogen  peroxide  solutions. 

3.  Impact-Sensitivity  Tests 

Liquid  and  powdered  materials  (including  solids  which  might  yield 
finely  divided  particles  in  service  such  as  a  carbon  baarlng  ring)  are  evaluated 
for  sensitivity  to  Impact  when  in  Intimate  contact  with  1^0^  in  various  propor- 
ticns.  Impact  sensitivity  is  determined  by  subjecting  varying  proportions  of  the 
material  and  fi202  to  the  impact  of  a  weight  dropped  from  a  specified  height.  In 
early  tests  a  1-kg-m  (7-ft- lb)  Impact  was  used.  Later  a  3“kg-m  (21-ft-lb)  ic^pact 
was  provided.  Now  Impacts  up  to  100  ft- lb  (l4.6  kg-m)  nay  be  attained.  Most  of 
the  reported  results  are  from  tests  at  the  1-  and  3“kg-m  level  of  Impact.  The 
apparatus  used  for  this  test  is  a  modified  Bureau  of  Mines  Liquid  Explosive 
Impact  Tester  which  may  be  used  for  testing  at  various  temperatures  up  to  270*F. 
The  procedures  used  by  IMC  Corporation  are  described  In  Reference  1. 

In  some  tests,  a  small  amount  of  wetting  agent  Is  added  to  the 
H2O2  to  simulate  the  Intimate  contact  which  might  be  created  by  mechanical  load 
such  as  might  be  found  In  pump  packing  or  bearings.  This  practice,  however.  Is 
not  followed  consistently. 

k.  Bpecial  iifaterlals  Tests 

In  general,  the  suitabllltv  of  e  material  for  an  Intended  appll- 
'•atlon  is  Indicated  by  the  ipb^ratory  tcc*c.  ror  example,  an  elastomer  which 
becomes  brittle  during  Inmerslon  In  H2O2  a.idtable  for  the  fabrication  of 

0-rlngs  for  HoOq  service.  However,  some  materials  cannot  be  evaluated  adequately 
by  tests  such  as  those  described  above;  this  is  partlc’ilarly  true  of  coatings, 
protective  clothing,  and  Joint  sealing  compounds. 

To  overcome  this  ^  \kness,  PMC  has  developed  special  procedures 
for  such  materials.  These  procedur  ere  outlined  briefly  below. 

a.  ftvtectlve  Coating  Tests 

Protective  coating  materials  are  first  tested  by  the 
standard  compatibility  procedure  by  coating  them  on  standard-size  sample  strips. 

An  additional  test  Invr'  *  filling  a  coated  steel  cup  with  H2O2,  inverting  a 

second  coated  cup  on  tt  .  the  cup  containing  th  lljuld,  and  maintaining  two 

such  sets  at  30*C  (86*Fy  and  66*C  (151*F)  f< r  one  year  and  one  week,  respectively. 
A  final  ''Aboratory  test  requires  half-filling  a  coated  5”Gal  v  italner  with  H20^ 
and  s  iowlng  the  test  container  to  stand  at  room  temperature  in  the  laboratory 
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or  in  a  controlled-terrperature  room.  Containers,  22  In.  ID  by  12  In.  high,  vlth 
a  2-in.  vented  opening  In  the  top  are  recccrendsd  for  a  12-no  test  duration. 
Concentration  of  the  S2O2  is  determined  Initially  and  bimonthly  thereafter  for 
both  the  one-year  cup  test  and  the  container  test.  A  detailed  procedure  can  be 
found  in  Reference  1. 

b.  Protective  Clothing  Materials  Tests 

In  this  test,  the  H2P2  is  dropped  on  material  that  is  both 
in  the  as-received  and  in  the  soiled  condition.  Ihe  soil  u.;'d  is  KMnO];  solution 
because  this  solution  reacts  violen--!/  with  and  thus  jsermlts  the  determina¬ 
tion  of  ignition  and  self-q.uenchlng  properties  for  the  materials.  The  special 
test  procedure  vhlch  has  been  developed  for  testing  materials  for  use  as  pro¬ 
tective  clothing  can  be  found  in  Reference  1. 

c.  Tests  of  Joint-Sealing  CoTi^iounds 

Joint-sealing  con^xsunds.  In  the  set-up  condition,  vhich 
appear  to  be  satisfactory  by  immersion  and  Impact  tests  are  further  evaluated  by 
making  up  sanple  seals  and  testing  the  seals  in  accordance  vit  the  special  pro¬ 
cedures  given  in  Reference  1. 

5.  Experience 

The  final  evaluation  of  a  material  for  its  suitability  for  an 
application  involving  contact  vlth  H2O2  is  based  on  experience  during  use.  In 
general,  the  recommendations  of  materials  classification  for  H2O2  service  are 
based  on  the  results  of  laboratory  tests  and  on  practical  experience.  In  a  few 
instances,  practical  experience  has  shown  results  at  variance  with  those  of 
laboratory  tests.  Whenever  this  Is  the  case,  the  greater  consideration  is 
given  to  practical  experience  and  conclusions  arc  drawn  accordingly.  Criteria 
established  for  laboratory  tests  are  based  as  much  as  possible  on  correlations 
with  experience  resulting  from  placing  the  materials  in  service. 

B.  SERVICE  CIASOIFICATIONS  FOR  MATERIALS 

The  results  of  laboratory  evaluations  and  practical  experience  with  ' 
various  materials  have  shown  that  materials  should  be  classified  into  categories 
according  to  their  contemplated  types  of  use.  Thus  all  materials  need  not  be 
suitable  for  indefinite  periods  of  contact  with  I^Og.  Tto  lacllltate  selection, 
materials  have  been  classified  according  to  the  types  of  applications  for  which 
they  are  suited. 

In  general,  materials  can  be  grouped  Into  four  ..sees  for  hydrogen- 
peroxide  service. 

1.  Claes  1  -  Materials  Satisfactory  for  Unre.qtrlcted  Uce 

With  E2O2 


Such  service  includes  lor.g-tlme  contact  with  H20£*  T^lcal 
use:  storage  containers. 
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2.  Class  2  -  Haterlalfi  Satisfactory  for  Repeated  Short-Tine 
Contact  vith  £2^2 


or 


Such  materials  are  used  for: 

p.  Transient  contact  with  ^0^  prior  to  storage  of  the  HgO^, 


b.  Limited  contact  vlth  H2O2  prior  to  use.  Such  contact  is 
not  to  exceed  4  hr  at  l6o®F  or  1  vk  at  70®F.  I^plcal  use;  (l)  valves  and  pusgjs 
in  H20j>  transfer  lines,  and  (2)  feed  tanks. 

3»  Class  3  ~  Materials  Which  Should  be  Used  Only  for  Shoit-Ti:^ 
Contact  vlth  ^2^2 


These  materials  might  be  used  prior  to  a  decomposition  process 
or  under  similar  conditions,  and  should  be  used  only  vhere  neither  Class  1  nor 
Class  2  materials  vould  suffice.  These  materials  can  be  used  for  repeated  con¬ 
tact,  but  no  one  period  should  exceed  1  min  at  16o“F  or  1  hr  at  7C*F  prior  to 
immediate  use  because  contamination  of  the  may  be  othervise  sufficient  to 
render  It  unsuitable  for  storage. 

4.  Class  4  -  Materials  not  Recommended  for  Use  v.-h  11202 


These  materials  (l)  cause  excessive  decomposition  of  K0O2  even 
on  short-time  contact,  (2)  are  attached  or  suffer  deterioration  on  con*act, 

(3)  yield  corrosion  or  deterioration  products  which  cause  excessive  decomposition 
of  H2O2  on  subsequent  contact,  or  (4)  form  Impact-sensitive  mixtures  vlth  con¬ 
centrated 

5«  Clothing  Materials 

Clothing  materials  are  classified  as  "suitable"  or  "unsuitable". 
Within  the  classification  of  "suitable",  choices  are  made  on  the  basis  of  resist¬ 
ance  of  the  material  to  deterioration  due  to  contact  with  the 

C.  CRITERIA  FOR  EVALUATING  TEST  PECULTS 

1.  Oompatlblllty,  Therm  b:.llt.y.  a-  ;  r-act  Ten  :i 

The  '  ..ant  criteria  .  /.•  classifying  ^ter'als  for  HpCW  service 
on  the  basis  of  the  t  :b  outlined  In  Section  A  and  from  experience  In  service 
are  summarized  In  Tab  Sl'^ce  the  classlflca' Ion  system  for  H-,0u,  use  Is 

general  for  all  constr  Tlals,  the  epeclile  cl/iss . flea t linn  are  all- 

inclusive;  limits  for  t  .c  ’iuBB  are  jen  arbltrarl I''  lor  «~'clflc  applica¬ 
tions,  acre  precise  limit  -  r_iy  >■  s  established 
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TAgIS  I 


GRIIZRIA  FOR  CIASSIFia^TIOIT  CP  VJT3.IA13  ICR  EgO?  £27333 
ON  THE  BASIS  OP  lAEOHASCHI  TZSI3  (SIP.  1) 


Class  Material 


Max.  Ant.  of  Min.  Stab. 

AOLAitC^)  of  E2O2  ,  Other 

6^**C  After  Test.  Criteria 


Metals 

0.2 

5.0 

95 

No  other  effect  on 
E2O2  or  Eaterial  end 
non-lcpect  sensitive 
to  3  hg-B  Icpact  at 
212  •?. 

Plasties  for 
druBS,  liners, 
dlaphra^s,  and 
expulsion  bladders 

0.2 

5.0 

95 

No  other  effect  on 
E2O9  or  cater ial  and 
non-inpact  sensitive 
to  3  hg-m  Ir^act  at 
212  *F, 

For  gashets, 
tubing,  O'rings, 

etc. 

0.4 

6.0 

95 

86  other  effect  on 
E2O2  or  caterial  and 
non-lr^ct  sengltlve 
to  3  bg-m  irpset  at 
212  •?. 

Oils  and  greases 

1.0 

10.0 

95 

Ho  other  effect  on 
E2O2  or  enterial  end 
non-ispact  sensitive 
to  3  kg-a  Icpact  at 
212  *F. 

Metals 

Stainless  steel 

6.0 

80.0 

90 

Ro  other  effect  on 
E202.  Slight 
broa2Jr.S  of  the  mtal 
is  acceptable,  but  no 
corrosion. 

Plasties  for 

O-rings  and 
expulsion  devices 

6.0 

60.0 

90 

60  other  effect  on 
R202.  Slight 
bleaching,  s'^elling, 
enbrlttlcnicnt,  or 
occasional  blistErlng 
accepted.  Esn-lrpnot 
•ensitlva  to  3  ks-a 
icpact  at  212®?. 
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Class  Material 

2  Elastomers  and 
bleulder  materials 


Other 
Criteria 

95.0  90  Hb  other  effect  on 

^02.  Slight 
bleaching  or  loss  of 
small  amount  of 
elasticity  of  the 
material  accepted. 
Hon-lngjact  sensitive 
to  3  kg-m  ia^tact  at 
212 •?. 


Max.  Amt.  of 
A0L/wk(l) 
^C 


Hln.  Stab, 
of  H2O2 

After  TestT  4>(2) 


Oils  and  greases 

6.0 

80.0 

90 

Bo  other  effect  on 
H^2*  Non-iii^act 
sensitive  to  3  kg-m 
la5>act  at  212*P. 

Metals 

11.0 

100/24 

hr 

15(3) 

Bronzing  and  stain¬ 
ing  are  acceptable, 
but  not  rusting  or 
other  corrosion 
products.  Slight 
attack  may  be  allowed. 

Plastics 

11.0 

100/24 

hr 

13(3) 

May  beccoe  partially 
bleached,  distorted, 
disintegrated,  after 

1  week  on  test.  Non- 
iBQpact  sensitive  to 

3  kg-m  impact  at 

212  "P. 

Oil  and  greues 

11.0 

100/24 

hr 

15(3) 

Kon-lmpact  sensitive 
to  3  kg-m  impact  at 
212*F.  Excessive 

decosposltion, 
^^roacblng  catalytic 

rate. 


^  Metals 


Nstals  -  pitted  and 
corroded  during  or 
after  test. 
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Class  l^terlal 
U  Plastics 


lAELE  I  (Co'aolviT.d) 


Max.  Act.  of 
AOLA’k(l) 
3o^c 


of  Kill*  £ta!ta  . 

)  of  E£32  ,  . 

WFc  After 


Otfcar 

Crlt-grta 


Plasties  •  disiate* 
grated,  burcsd, 
blistered. 


Elastesers  '  Elsstdcrs  •  tiz’ncd, 

swollen,  dissolved, 
disictc^retsd,  blis¬ 
tered,  giizziy,  loss 
of  elasticity. 

Oil  and  greases  Oils  and  greases  - 

Belted,  diElntG^rntcd, 
burned.  Any  material 
idd.ch  is  Irpact- 
sensltlve  to  3  bg-a 
lapaet  at  212*?. 


(1)  Active  oxygen  loss,  vt^. 

(2)  The  theraal  stability  of  the  E2O2  after  exposure  to  the  csterlal. 
Defined  as  the  percent  of  the  E2O2  ia  tha  used  Sirrpla  ^■hlch  is  xiot 
decoEposed  after  heating  24  hr  at  100*C  (212®?). 

(3)  After  30*C  test. 
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Iba  epplicatlon  of  tho  criteria  of  f;zbls  I  to  tha  results  of 
ecs^tlbllity  tests  are  std)Jeet  to  tta  So22jsyiiz3  codif^cg  considerations : 

a*  If  there  Is  any  doubt  as  to  vhetber  a  material  should  be  in 
a  given  category,  e.g..  Class  1  or  Class  2,  the  caterlal  Is  placed  In  the  lover 
category. 


b.  If  the  results  of  practical  experience  are  at  variance  vlth 
the  results  of  laboratoiy  tests,  greater  weight  Is  given  to  practical  experience. 

e.  Cie  min  distinction  between  Class  2  and  Class  3  Is  their 
possible  effect  on  the  stability  of  there  la  any  doubt  as  to  vhsther 

the  stability  Bight  be  affected,  the  catarial  la  placed  In  Class  3*  SUght 
deterioration  of  the  mterlal  causing  foreign  rnttar  to  eater  the  d^t 
cause  decreased  stability  of  the 

d.  Euaerleal  limits  for  the  various  Classes  are  approximate. 
dasB-l  mterials  fall  within  rather  narrow  limits,  whereas  Class  2  materials 
fall  within  much  broader  Halts.  In  genaral,  the  higher  ths  t.«lve  oxygen  loss 
for  a  particular  mterlal,  the  less  reproducible  are  ths  results. 

Any  mterlal  which  is  Ispaet-sensltlve  when  In  contact  with 
H2P2  in  any  proportion  is  considered  a  Claes  ^  mterlal.  ^9  criteria  of  Impact 
sensitivity  of  a  mterlal  la  contact  with  incidence  of  any  positive 

detonation  on  the  basis  of  at  least  ten  trials.  A  Bizture  which  gives  negative 
results  in  ten  testa  Is  considered  to  be  tentatively  ncn-ls^aet  sensitive  unless 
later  tests  produce  a  positive  result. 

2.  froteetlva  Cr>%t1.vn  T-esta 


Criteria  for  the  results  of  ccatlcg  tests  depend  on  the  type  of 
service  contemplated;  in  other  words,  tha  ccatlng  Euct  yield  ths  Class  of  cscpatl- 
blllty  rc^dred  for  tha  eppHcaticn  and  cunt  aCiera  tightly  to  tha  Estal  la  tha 
standard  csr-patlbillty  tests.  Criteria  fer  tha  cup  cr  ccntainer  tests  fcavs  not 
been  establl£,hed,  but  It  Is  bsliovsd  that  tha  coatirg  cheuld  chow  no  blisters 
or  dctorlcratica  in  centast  with  either  tha  llreid-phasa  cr  vaper-phasa  r-;;.D2  in 
one  year  at  30’C  (£3*?),  one  vaoh  at  Cj*C  (151“F),  cr  at  tha  dsaired  sarv’ica 
temps raturs . 

fcatlngs  for  splash  rssietance  to  be  used  aa  a  protection  far 
surfaces  in  ^2^2  isstallatlcns  must  not  react  vlolastly  vl-'h  tha  B2P2 
not  blister  In  less  than  2^  hr  at  room  tce^mtura.  Rasa  cf  applimtion  la  also 
considered  when  analysing  results. 

3*  -***■!!> 

ClothlE,3  catorials  hsva  bssa  classified  according  to  reccsscnda- 
tlcns  for  thslr  use.  Criteria  for  such  claseiflcstlca  arai 
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a.  First  Choice:  catsrial  doss  cot  bura  oa  ir::::2r3ica  or 

vhen  drip>tested  in  as-received  or  soiled  ccaditieaj  end  tha  fibers  era  cot 
a^reciably  veahecsd  after  one  Booth's  irzsrsicn  in 

b.  Second  Choice:  Ihe  :^teriBl  does  cat  bum  on  i::z:3rsic3 
or  vhen  drip-tested  in  the  as-received  state,  but  it  cisht  be  vsahsced  coa- 
sidezably  and  bums  only  with  difficulty  in  the  soiled  state* 

e.  Sot  Suitable:  Cie  satsrial  either  cai^es  csessslve  deccn- 
posltion  of  the  ^2^2*  dissolves,  or  dlslntcsratss  in  either  the  as-rscsivod 

or  soiled  state. 

4*  Joint  g'.allr';  Cbr?:c"rLl  ?-~5t8 

Ihe  prlsary  consldaratioa  in  salsctlrs  catsrlals  for  use  as  Joint 
sealing  cczpounds  with  EsOg  la  that  dstures  of  the  ccir^Oiind  vlth  the  E2C2  shall 
be  non-inpact  sensitive  to*  3*b3-a  irpaet  at  reca  tssrperatura.  She  crltSrla  for 
the  intact  test  have  te.jn  presented  la  Famsraph  1,  above.  Eocczposltlea  of  tha 
^02  in  contact  vlth  tha  cc:rpaund  is  of  saccndaiy  Irpcrtaacoi  to-cavcr,  tha  cca- 
pound  sust  not  be  strongly  catalytic  to  the  daecr^sitica  of  the  The  CC3> 

pound  say  not  be  a  Class  4  satsrial. 


The  detailed  test  procedures  outlinsd  in  F^fsrence  1  vsre 
designed  to  evaluate  tha  eoallns  and  anti-soislcs  properties  of  ccrpounda  that 
show  satisfactoiy  cccpatlblll'^  vlth  the  E^Cg.  Eacct  criteria  fcr  those  teste 
have  not  bean  established;  bcv-ever,  it  is  roocor::nlel  that  the  ccrps’ond  sslocted 
for  a  given  application  shall  have  ylel^od  csro  Icahope  in  tha  tuo  esalirs  toste 
up  to  a  pressure  100  p-aiS  above  tha  roi^ulrod  for  the  trpllcntlca  tnd  that 

in  the  anti-seize  test  there  la  no  inlicstica  cf  rsoctlca  bstvcoa  the  coslnnt  end 
the  ^tal,  no  gallics  of  the  threads  u"on  dd£as;.t:*.b2y,  erV-r  to  thcornal  inorcaoe 
of  torque  required  for  dlGsssorJjly  cror  tl:at  epplicd  ipot  eascnhllts  tost  ur.lts 

D.  unzura  c?  cc:-r.h:sEiii7r  rrdizihHcna  a:d  r  jtics  E~z::r:::3 


results  cf  a  larpe  nenhor  cf  ccr7a.t*JAlity  tS2*s  e.r.l  a  rz'Jh-cr  c? 
years  of  ssr/lce  cn-:3rle~:e  tare  prerintd  a  h cf  the  effoata 

of  fcydreern  porcnlCa  ca  enry  r.n.trz’izin  cr.l  the  ch-hhets  cf  1’.  'TS  L...hr;rl£l3  ca 
hydro^an  piranida.  ccv_i-.atibllity  t'ot  reii-lho  era  prrr  c:::l  la  a  ctrlca  cf 

tables.  Shioe  tablas  an.!  cocociatcl  ir.'dr..::.'’.-ii;a  d'rivrl  f.  ,.:i  cr^sritsce  end 
BlBcallaniOous  tests  are  diecusssd  in  tha  fsl2o»iE3  paroc^apl'.a. 

1* 


Ihe  ccr^tlbllity  of  a  relatively  lar^a  cirnhhr  cf  alurdr.-ra  eU'va 

vlth  90  and  p^renide  is  ev:;r:nrlto3  in  T'-hlss  H  c~d  III,  rsr-octlvaiy. 

Eja  ca.'or  p'i-ticn  cf  the  data  prcoc::tod  in  1*5303  tab '33  la  t-hra  f;v:a  tha  er'rr- 
Sira  I.  .'1  c:: '.llntica  cn  c::';ori“l3  c?  c'“:--3t:w.3tJc-n,(l)  hr-.".;.v It  I'’3  Irrn  £ha:;d 
that  thria  diha  era  la  very  [z-zl  vlth  cthar  p  hit.  h'l  i:::.l3,r  ottra. 

froa  ethrr  couresa. 


'S'rar  pr:r5;tb';3,  tha  data  frea  Esforonce  1  tava  tsoa  Eo'-rlrrxntrd  vith  data 


table  II 

COtffATIBIUTT  OP  90%  1^0^  WITH  ALUMINUM  AIXOYS* 
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(8)  Previously  emstdered  Class  4 

(9)  wot  loss  In  3  days. 


TABLE  III 

CCMPATIBILITr  OP  985^  H^Og  WITH  ALtWINlM  ALLOYS  (REP.  l) 

Effect  of  Sample  on 

98» a^Oj,  AOlU)  a^Oj  stability 

Material  ClaBSlflcatlon  ^/moQ-^Q^G  ^/vh^6*C  After  Teat^  ^  Sample  Source  OonmentB 


l^e  l4 


(1)  Active  oxyga^  loss,  vt% 

(2)  Test  temperature  XS^'P/veek  pretreated  90](  ^0^  24  hr  at  66*0 

(3)  Ttest  tes^rature  l63*F/veek,  pretreated  vith  Alcoa  treating  solution  1  48  hr,  toon  teiq>eratuie 

(4)  See  footznte  2,  Table  II 
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Cie  results  of  eoiapatlbillty  tests  presented  in  Sables  ZI  and  III 
indicate  there  are  several  aluainua  alloys  vhich  met  the  stringent  re^ulroasnts 
of  Class  1  materials.  Of  these,  con'nrolled*eopper*eontent  aluninai  alloys 
(lO^,  HBO,  and  126o)  and  lov-copper>eontent  525^0  and  52^  E*3^  aluadnisi 
alloys  have  given  excellent  service.  Qis  lov  copper  content  1C50  aluainua  has 
been  used  most  frequently  in  storage-tank  fabrication  and  piping*  Mlniaua 
corrosion  has  been  experienced  vlth  this  alloy.  Because  lov  copper  content 
1060  aluainua  is  not  alvays  readily  available,  I260  lov  copper  content  alusdntaa 
is  also  being  eaployed. 

Where  higher  mechanical  strength  is  required,  aluaintsa  alloys 
5652  and  5254,  both  with  copper  content  controlled  at  less  than  C.06  wt^  nay  be 
used.  Tank  ears  of  4000  and  8OCO  gal  capacity  fabricated  from  these  alloys  have 
given  satisfactory  service  vlth  all  concentrations  of  since  1952.  The 
523k  alloy  used  in  these  tank  ears  vas  tespered  to  various  eonclitions,  including 
0,  F  and  E-32. 


Wrought  alloy  606I  has  been  eotployed  in  service  because 
of  its  high  strength  in  the  T-6  tecper  and  its  good  availability  in  bar  stock 
form.  Despite  its  satisfactory  results  in  ccspatiblllty  test,  alloy  6c6l  is 
usually  not  recoczsended  unless  there  is  no  other  alloy  available  to  meet  the 
requirements.  Ihls  alloy  is  more  susceptible  to  corrosion  in  intermittent 
vetting  applications  than  the  other  aluminum  alloys  used  to  handle  S2P2.  To 
overcome  this  veakness,  sulfuric-acid  anodization  followed  by  a  one-hour  bolling- 
vater  seal  without  dye  is  <isually  recczsended  if  alloy  606I  is  to  be  used.  Ibis 
alloy  is  cot  normally  recommended  for  piping;  however,  sulphuric-acid  anodized 
small-diameter  tubes  and  tanks  have  given  good  service  in  power  systems. 

Wrought  alloy  6363,  which  is  a  recent  product  vlth  controlled 
copper  content,  shows  excellent  Class  2  compatibility  with  9^  ^2^  labora¬ 
tory  tests;  however,  there  is  no  experience  information  at  this  time. 

The  high-strength  structural  alloys  such  as  201h,  2017,  and 
202k  are  unsuitable  for  service  vlth  because  of  corrosion  and  because  of 
the  bl^  rate  of  EpQs  deccsgsosltlon  associated  with  their  use.  Although  cca- 
patlbility  la  Improved  by  sulfuric-acid  aixdization,  only  Class  3  service  is 
indicated  by  laboratory  results.  Ihere  is  r»  experience  on  the  use  of  anodized 
alloys  to  indicate  whether  or  not  the  anodized  surface  can  be  maintained  satis¬ 
factorily. 


Aluminum  casting  alloys  kS  and  35^  have  been  used  successfully 
for  pump  and  valve  bodies  for  many  years,  although  sosa  corrosion  generally  does 
occur.  The  controlled  copper  casting  alloy  B-355  has  indicated  Class  1  ccmpati- 
blllty  la  laboratory  tests  with  90^  and  ^0^.  and  satisfactory  service 
experience  has  resulted’ when  using  these  ^0^  concentratlo:is. 

Some  testing  has  been  carried  out  on  hard-coated  alusicisa. 
Laboratory  test  results  of  10,  20,  ar^  30  min  penetration  on  alualniaa  alloy 
6061  indicate  Class  3  cospatlbility  with  Use  experience  is  very  Halted. 
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Experience  is  also  needed  to  detendne  the  resistance  of  hard-coated  aluolnua  to 
corrosion  in  service  with  intermittent  wetting. 

2.  Stainless  Steels 

The  results  of  compatibility  tests  with  various  stainless  steels 
and  90  and  985^  hydrogen  peroxide  are  sucnarlzed  in  Tables IV  and  V,  respectively. 
Prom  these  tables  it  is  apparent  that  no  Class  1  stainless  steels  have  been  found, 
but  that  a  fairly  large  number  of  Class  2  materials  are  known.  In  general,  the 
wrought  or  forged  3C0-serles  stainless-steel  alloys  with  proper  passivation  are 
suitable  for  Class  2  service  with  hydrogen  peroxide.  Cast  stainless  steel  is 
generally  unsatisfactory  for  E2O2  ser/ice  unless  special  casting  techniques  are 
followed.  The  1^00-Berles  stainless  steels  rust  and  cause  excessive 
decon^jopltion. 


301  stainless  steel  is  normal2,v  rated  as  a  Class  3  material; 
however,  cryogenlcally  prestrained  301  is  rated  as  Class  2  and  almost  Class  1. 
The  prejtralned  material  is  of  particular  interest  because  of  Its  very  high 
yield  and  tensile  strengths  (260,000  and  280,000  psl,  respectively).  Stdlnless 
steel  302  is  reported  to  have  an  excellent  service  record  with  985^  HpOjj.  The 
extra-low-carton  stainless  steel  (304  ELC)  has  been  shown  to  be  an  excellent 
HpOg  tank  material.  Hils  material  shows  excellent  compatibility  with  E20^  at 
room  temperature  and  elevated  temperatures. 

Rydrogen  peroxide  test  tanks  are  usually  fabricated 
347  stainless  steel  which  contains  colunhlum  as  a  welding  stabilizer.  More 
than  fifteen  years  of  service  have  been  obtained  with  such  tanks  handling  90 
and  965^  HgOo.  321  stainless  steel  Is  used  In  some  systems;  however,  the 
titanium  welding  stabilizers  have  a  slight  catalytic  effect  on  ^02. 

The  AISI  400  series  stainless  steels,  whether  annealed  or  In 
the  heat-treated  form  (4o-53-Rc),  will  rust  If  the  surface  finish  Is  greater 
than  10  rms. 


An  extensive  amount  of  testing  has  been  carried  out  on 
precipitation-hardened  stainless-steel  alloys  such  as  AM-350  and  17-T  FH  alloys. 
The  AM-350  material  has  given  excellent  service  In  flight  vehldes;  however,  the 
hardness  of  the  material  must  be  less  than  42  Rc  or  there  Is  an  Increase  In 
HpO^  decomposition  and  metal  rusting  develops. 

The  17-7  FH  material  has  proven  very  successful  with  76^ 
and  moderately  successful  with  90?t  H2Q2;  however,  a  jpeclal  passivation  treat¬ 
ment  Is  required  to  achieve  a  Class  2  rating  for  this  material.  Surface- 
finishing  of  the  sample  with  120-grlt  abrasive  compound  Is  found  to  be  effec¬ 
tive  In  improving  the  compatibility  of  this  alloy. 

Aero,1et  work(3)  kis  Indicated  that  the  Banner  of  passivation 
has  a  direct  effect  on  the  compatibility  of  hot  90^  (270'*r)  with  tlie 

stainless  steels.  E3  3^4  Indlcatnl  moderately  good  stiort-tera  serviceability 
at  270*F  when  passivated  by  one  procedure;  however,  when  an  alternative 
recomended  passivation  procedure  was  engjloyed,  the  304  B3  was  coc^letely 
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COMPATIBILITY  OP  90%  HYDROGBI  PEROXIDE  WITH  STAINLESS-STEEL  ALLOYS  (REP  1) 


TABLE  IV  (cont.) 


Report  A??^-T!l-65-6,  Appendix  III 


j  I 


III 

V  SI  il  • 
£  %  ^  j 
4.  S  3  5 

£  «  A  I 


s  5 

»  o  ““SR>«: 

I  I  lllllli 


.  .  I  I  51  5  5 

j  j  1  I  I  S  I  i  I 


•  (•III 


i  i  s  R  ft 


:  I  I  t  I  ;  I  :  I 


sli  ii  U  I 

•pS?  -^-s  -3h  I 
a|sI  u'-i  I 

-.s|l  -.11  1 


K  E 


iSH  ’J"':;  T  ^ 


Poge  19 


Spssi 


H 


Esport  ^r::n,-o-55-6,  - 


■  ^ 

■'  ?  :  t 


tl  p 

c't  U 
ii  d 
a 


*n  1  j  :  .•  () 


of* 


o] 

o 


« 

rl 

e 

£j 

c; 

c 

fei 


CM 

>»  o' 
2^- 

I 

U  ca 


£p 


r*5j 


V. 

»A 

o\ 


f^ 

CO 


{  t  I 


I 

e 

8 

E 

8 

t 

s 

s 


o 

si 


«n 

irv 


O 


i  t  i 


£ 

8 

E 

8 

€ 

3 

8 


ot 

:? 


i  I 


B! 

u 


ej 

cc 

i 


M  <w  cu  CM  (n  cvi  Qi 


€ 

T?i 

ti 

4‘\ 


a  s  «  ^  §  i 


•t  I 

»•>  »f\ 

M  H 


E£S>crt  A-“cndi2  HI 
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OSA  Cr.tS  £J3 

c;3^c3. 

.u3i  f£?  1133^3. 


3* 

IQm  results  of  ecr^tibili'^  tests  vitt  varicus  pura  otals  ars 
stBssarized  In  !rabl0Vland  vlth  ciccollazi^aous  alls78  in  Tablo  VIZ. 


Masj'  pure  tst&la  have  tc 
suitable  for  ^2'^  earrtos.  Eillcon,  trr.t 
Of  tbssa,  tin  £33  taaa  utilised  to  tba  er. 
as  a  eold3r  for  e-Ulnlsss  steal. 


■a  rffalcatod,  but  few  tara  tsea  fouad 
tin,  tad  sirceslua  era  es::c;’,ti.cr:3. 
.atc3t  catcat,  cestljr  ibr  ^zlozts  end 


Kost  other  EstsUle  elcreats  tava  catelTtie  ectica  la  esatset 
vlth  ^02«  Ells  Is  cstecially  trus  cf  eilrer,  leal,  cebalt,  ead  platiac:. 

Iron  altar  es^esura  fer^  irca  cuida  (rust)  thlch  is  cutalytle.  S^Itualta  asd 
sine  are  eoTOraly  attached  by  tha  E^Ca* 

A  few  alloys  hare  ehs%m  suitability  for  Class  3  esrvdca  aad 
Slight  be  tads  suitable  for  Class  2  eatvlca  vlth  other  passivation  techai^usa; 
hovewr,  little  has  been  dena  on  theca  alloys  b£>'Si:d  applicatica  of  standard 
procedures. 


tfafortusataly,  there  ere  no  cstals  of  ertrcaa  tardaass  that 
have  shown  suitability  for  e^Tsa  Class  3  service  except  tha  lOras-fiaich  fe^CC 
stainless  steel  ($5  to  53  Ee)  end  the  hard  tcarirs  chresj  plating  (53  to  70  Ec)» 
Ganegin  electroless  nichsl  plating  over  hard  surfaces  has  shown  prcalss. 

Eis  ccrpatlblUty  cf  Inccrcl  713,  tostoUr-y  C,  end  Eastallcy  Z 
has  been  tasted  et  /orooSt-Gcneralw)  witla  5-^  et  2T0®?.  Ihe  tvo  fcr:rir 
aaterials  vsre  slichtly  brcnccd  end  the  ccnccr/cratica  cf  r2C2  decreased  thout 
10^  in  1  hr.  With  t’e  latter  natcrisi,  there  vaa  llttls  c?  no  cpparcrit  charge 
In  the  alloy,  but  the  EgCa  conccs  Cccrcaeod  to  about  la  1  tr* 

4.  P-Vatici  P-d 


rubbers  era  si 


5233  results  cf  cc"-'itlblllty  teats  vlth  nirrcrcua  plastics  end 
j1c3  YIII,  IX,  X,  XI,  XTI.and  XIII. 


Elttca  plastics  end  rubber  cerpounds  era  organic  -Bubatmeas, 
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OOMPAITBILITT  OT  98%  HYDROGSI  PEROXIDE  WITH  VARIOUS  PLASTICS  (Ref.  1) 
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Poljrethylene  serves  es  an  err:ple  of  this  p!:srj:=i3£sn.  Inboratoxy 
eosipatibilitsr  tests  results  Indicated  polyatbylsce  to  be  sult^bln  for  Class  1 
service.  Ebvever,  it  vas  found  that  icsltlns  polyethylene  in  contact  vith  ^  to 
9831  ^0^  ignites  rapidly.  Bierefore,  polyethylene  is  not  reecnrsnded  for  service 
vith  70  to  98^  EpOo  unless  no  other  ssaterlal  will  leet  the  m^uircnnnts;  housver, 
vater  irsssrslon  suit  be  nalntained  throughout  use.  Clean  polyethylese  has  been 
used  safely  in  laboratory  vork.,  and  polyethylene  has  proven  to  be  a  satisfactory 
naterial  for  use  vith  27,3  throu^  50^  ^^3*  ^^yvlnyl  ehlorld!e  and  C;icron  have 
both  indicated  they  might  react  similarly  to  polyethylera  with  concentrated  E202> 
and  other  loaer-oslting  plastic  materials  may  also  react  in  this  cannar.  Uoa  of 
continuous  vater  contact  for  cooling  and  for  the  dilution  of  cpiUzga  can  prevent 
heat  foztsatloh  and  a  subsequent  explosive  reaction. 

Materials  for  hlgher-tesgieraturs  servlee,  such  as  Eel*?  and 
Teflon,  have  not  demonstrated  any  Indication  of  reaction  vith  h^^ircgcn  peroxide 
over  the  entire  concentration  range  end  to  temperatures  to  270®?  vith  90^ 

Eiere  Is  no  kzx>vn  reason  to  avoid  using  the  mterlals  in  any  service 
vhere  the  E^Oq  vlU  remain  belov  Its  normal  atmospheric  boiling  point,  tilrtures 
of  these  mterlals  vith  other  materials  must  alt^ys  be  evaluated  because 
reactions  are  varied.  Glass*flllsd  Teflon  le  acceptable;  errben  filling  cay  or 
may  not  be;  asbestos  filling  Is  not.  Tha  ccsnpatlblUty  of  the  added  Ingredient 
must,  naturally,  be  considered.  Ifel-F,  Aclar,  and  virgin  Teflon  are  the  cost 
cosqatlbla  plastic  materials  at  hl^  operating  temperatures  and  should  be 
utilized  vherever  the  physical  properties  are  suitable.  It  is  especially 
recammended  that  these  materials,  vhlcb  have  exceptionally  lov  coefficients 
of  friction,  be  applied  In  ^0^  service  as  dytsandc  bearings  and  seals  vithout 
lubrlcemts  vherever  possible  because  of  the  limitations  of  the  available  lubrl* 
cants.  Tvo'hour  tests  at  270*?  and  1000  pslg  vith  that  Tsflcn 

and  Kiel*?  are  not  affected  adversely.  The  actlvB*orygea  loss  (ACL)  for  the 
2*hr  period  Is  similar  to  that  experienced  In  tests  at  1^1*?  for  seven  days. 

Filled  plastics  such  as  Eel*?  eompouisds,  9711  silicon,  and  Vitens  ehc^  evening 
at  the  hl^  test  ten^ratures. 

Ehl*?  elastcmsrle  cerpoenda  are  ecaeraliy  Itsfericr  to  K^l*? 

Itself  In  ccrpatlblUty  vith  E^Op.  In  addition,  ccmpcunlnd  EXtnrlals  vary  and, 
therefore,  each  finished  compound  must  be  specifically  evaluated  bafera  ccmpatl* 
binty  can  be  assursd.  Mast  of  the  cos^unda  tested  have  met  the  Class  2 
criteria. 

Aclar,  Mylar,  and  Dacron  plastics  have  dsnsnstrated  excellent 
coBgpatlblllty  vith  in  the  laboratory,  and  Dacron  has  bean  used  fairly 
extensively  as  cloth  for  protective  clothing  and  relnforccmaat  of  other  plastics 
vhlch  usually  contact  the  E2OI2.  E^lar  film  has  been  applied  very  little  because 
it  does  not  haat-saal,  and  a  ecmpatlble  adhesive  has  cot  been  found.  Aclar  is 
heat*sealable  and  is  being  used  In  the  rochet  field. 

Eier®  ere  tary  pl?.stlc  ESterlals  that  brsah  doyn  c^n  exts?,*'"! 
exposure  (l  to  7  fcys)  to  $0  end  $1^  at  elsvatcd  tc'ps.'aturse  (1^0  to 
but  ehov  CO  such  effect  In  24*hr  expes^'o.  Most  ?itcn*A  and  *3  end  ?luorel*Sl40 
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and  -2l4l  ecaposnds  ahov  this  effect.  Ecnaver,  eost  aerviee  ei^Iisatioaa  axa 
at  noxsal  te2.perature  conditions  to  120*?),  and  these  plaatica  and  rahhera 
ahov  excellent  aerviee  at  such  teaperaturea .  * 

Specific  Vlton-A  and  Flnorel  asterials  ahov  Class  1  aerviee 
at  temperatures  fJrca  50  to  120“?,  Viton-A  271-7  produced  h7  I&rher  Easnafln 
Corporation  has  shovn  excellent  service  as  O-rlngs  In  90  end  9^^  H^02  aolanold 
valves  and  for  coerponent  seals.  Seals  Eastern  Corporation's  ?luorel  22U0  and 
2l4l  0-rlngs,  seals,  and  bladders  have  proven  revardlcg  in  the  coderate  tesiper- 
ature  range.  David  Clark  Company's  Ocail  (VltonM)  has  proven  satisfactory  in 
0-rlngs,  and  In  splash  curtains  when  used  to  inpr^gnate  glass  or  Texlon  cloth. 

Bolyvinyl-chlorlde -based  »t(,-rials  vary  in  their  reaction  vlth 
H2O2  because  of  the  plasticizer  content  and  because  other  additives  such  as 
fillers  and  plants  are  used.  It  is  generally  found  that  rach  additives 
reduce  the  ccspatibillty  of  the  compound  vith  H202.  Koroseal  700  (galded)  has 
been  extensively  used  as  a  gasketing  material  in  low-pressure  service. 
foroula  for  this  caterlal  was  developed  specifically  for  service  In  a 
cooperative  test  pregrea  vith  the  manufacturer.  Koroseal  Hn  end  117  (oildsd) 
are  both  inferior  to  Koroseal  700  for  H^>2  service.  Calendared  Koroseal  117 
is  unsuitable  because  the  1^02  penetrates  into  the  sheet  and  develops  gas 
pockets  which  separate  the  la^rs  of  material.  Calendared  materials  esa  only 
be  made  of  siaterials  which  are  absolutely  im^rmsable  to  1^02* 

Polyvinyl  chloride  plastics  are  generally  perssated  by  90^1 
R2O2.  This  has  been  found  to  be  true  for  both  molded  and  plastieol  types  of 
PVC.  The  absorption  of  H2O2  is  indicated  by  tbs  fact  that  the  materials, 
which  are  generally  clear  or  translucent,  turn  an  opaque  white  after  a  i^riod 
of  contact  with  the  H2O2.  PVC  containing  absorbed  ^Op  cay  he  shock -sensitive 
(Appendix  V) ,  Kydrogen  peroxide  will  also  leach  chloride  ion  frea  polyvinyl 
chloric^  plastics,  which  can  cause  corrosion  of  aluailnisa  even  when  present 
In  Biinute  quantities. 

SillcozM -rubber  elastccssrs  also  vary  considerably  In  ccepat- 
Ibillty  with  hydrocen  peroxide  because  of  tha  use  of  pl£;:::i:sts  and  fillers  in 
S«S29  cG^v-carAa,  HuTSYsr,  there  are  a  irn-bsr  of  these  cernpeunds,  Exsstly 
unplgnentcd,  which  indicate  Class  2  ccs-patiblllty  with  H0O2.  Of  those,  S-97II 
has  dcnor.str&tcd  tbs  stost  satisfactory  ccn^x^tlbility  witH  90^  8-9711  i> 

used  In  various  explications  as  an  0-ring,  gasket,  hose,  and  bisllsr  ssaterial. 
Although  silicone  rubbers  are  not  subject  to  beat  sealing,  welding  techniques 
have  been  developed,  and  8-9711  welded  with  8-2200  has  Indicated  satisfactory 
ccmpatlbllity  with  1^2* 

SlUeone  rubbers  that  Indicate  Class  2  results  for  R2O2  service 
are  considered  to  be  rux^rior  to  polyvinyl  chloride  materials  because  possi¬ 
bility  of  chloride  le&chlng  Is  eliminated  end  because  the  flexibility  of  the 
silicc-^cs  varies  much  less  with  tssp^ratura  orsr  a  wide  range,  Parissblllty 
of  slllccns  r^bsr  to  H2O2  ellcws  slow  ecsittga  end  causes  layer  esparatien 
due  to  ciygsa  evolution  while  in  tha  pores. 
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cot  na  for  ccc^irirroa. 

Ko-st  cf  t!i2  E'tDrlsls  Cdc-“:":Dd  era  t2  ti.".r:d  rs  c";*-  --3  la 
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satisf  astorily . 


5» 

Ihs  results  cf  ccrietilili'j  trets  cf  !"'lvc;-'a  p.*rcr:,i::3 
irtth  Tsricus  l::lric.':it3  f.r.i  c-'z""^  c’a  r.".- .•■v.l.'.::!  ia  I..':;'' :-:::T,  '’i:-.;,.-3  revalta 
ialioata  tlat  ciZLj  tls  are  eve  raf-lsiraiilf  c::':3tall3 
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Ebara  eXes  ia  ccra  i£j;'.;:aX;3  tr:.-:.^  tC:;  cf  s  fl;: :;;;"•» 

r  t/i  v.:;.,l  c::-'_ia  li2  Ixvt'ia?  jnir±:r‘:a  to  I;:.;":.::;':::'!  £::z:.:l:j'f!.';:!..t7.  E.;,I,3 

1, L-J  r^t;  l:a-2  £;27:i:rt£'7  c:3-l:r-t£i|  lj£-. :::£•£ j  r;-  :::.:;:-3  tia 

t£a  cf  Lvdrccai  jc^s  la  cc-^'jiratica  vlLIi  c:;.:'.::f^  r:/:L,;::,3:,3  l3 

E-Cg  £2?vi2a  Ei.aald  ta  errallad  tla  a^^aLTia  £7£’:c:i  Lc.3 

d,  E:2  test  Erectice  is  to  tEa  E^sd  fcr  l-iri- 

csats  if  at  ell  pessibls. 

In  erali^tlss  liabricsnts  for  E-Og  ecrTlca,  t!:a  rarelts  cf  t?£3 
Irrract  tests  ers  of  ercatast  eissdfieassa.  C-sllr-treelalj,  tE':.?3  is  1:0 
ir."?.et  taster  erd  tbs  rcprcc!iicil.ilitj  cf  Ecst  testers  is  CS1I7  f.;..tr,  E-S  r:  1:.'..''  ;'i 
E^ircea  cf  iEses  lis^t  tester  used  fc?  tea  rerilts  refsrt:!,  I3  1'^  is  £;:■■_,  '..a 
to  use  crd  tss  tcca  trceea  to  te  ceeerell^  rod" E -la,  bet  it  is  e.ie- 

ti:E3  in  reeelts  vitii  ddffersat  ceeretora  C"1  tea  cs. '.lilies  cf  t'::3  c::.7il 

of  tie  tester  ca  tts  krefa  crrilcslra  ciertera  cf  ct.l:'l  cleslcl  cel  liCo  la 
e^eal  vc;.;:::a  peer  repredeailllit/  bzs  tcea  erterltess'l.  ^lee'-ets 

cf  tils  Siteetisa  it  ia  fait  ttat  cry  paaitirs  Ceteretdea  cEcerdd  ta  rbd'Iisice 
to  plc.sa  a  retarisl  in  Clssa  4  for  E^Oy  corrlsa  crless  tea  pr-f^ttir-s  cf  Iri: 
cert  ts-'l  ia  tie  z±r;:er3  era  to  ccrtroU::!  trltlir  a  x::a"e2  cafe  rerpa, 
flees,  eltl,e.;‘£s  a  iebriceat  cr  greaso  cey  pass  cll  tc.et3  cifn  ceretiTS  results 
and  ties:  rlvo  a  peeitlve  result  in  a  later  elect:  test,  it  elrUl  to  classod 
as  unsuitetle  for  service. 


pjr:p-piokin.3  IrSricatica  is  era  rrct.le3  t’:sit  cen  to  crarcesa 
ty  tla  tea  of  cederlcol  ecals  ^hict  rciflro  r.o  l-.lriertien,  Eesls  ne/da  cf 
Sll-eeries  ctetrlsss  stool  vitl  csreric  cesi  c!rss«fdllel  teflrr  te-dir*  rsrfes 
erd  00*1:1  with  tba  E^Og  tuTa  bssa  epplied  cucccsefeliy  to  ctrtrifepel  treasf 
preps  fur  csvcral  yurrs, 

6,  Ce-rrte  cr^d  Pef-rc'^err 


Tlo  results  cf  ccr^et-Edlt'-y  te~lt  tciii  c'r'eedc  fd  refreetcey 
redeeir?."  e~2  £•:■:::' ;.,eieed  in  fella  .  t.s'ii'.  p  c.r  e  d'^eiela  In  tlis  criepery 
L:3  t:rr  ''d-le  Ii„:lve.i  tec:r'a  cjrlleetl '..n  ie  c2V'.5  tlelr  fes  'lla 

^  •  '.  •'•  ^  <}■*''•"•'*•■>  $  i'  X  '  £  C  '  '  *  .  **  r'"*  ^  ’S  v'Q 

I  ■' ••  •  - -'r  '’  •.•?  v . c X.'." '  '■  ^  C"  't  C'\  -S:  C' ■  I- '.^ ■'•r '"  ■ 


l.  c-:,  :;■;  C:.:rrle  i^l-2  Lea  teen  uitl'.::..!  t  ly  lu  c'rieeeiEa 

'  :,,1  ;;;i  '>111 :1  txirn  f cr  r.;e!;eel:.."l  ire: is  1  I5  t:e . ter  :  r,:-:!  i:eir.d  Ilf^ 

te  £  c  ;..;’  '.et  i.z'  tlrs  s..;el»  c3<^2  cz^l  le.  .'C  1  v:e'..l.-;:l  eer  eV:".  ■;.;r» 

e-  e  r;,; ,.  ■  ^  e  - ;  -3  c~-  -rirreo  Irs  Leer  clve.'.e:..l  r'.-:.!  l;  ",■!.  idl.tre3  C  tes  trea 
vr  d  f..?  r::re:l  f.;ie;ce:"jj  cf  L.Cy,  Fcr  fdt:.:c5e  :  c;;:.....de-r::el  ILO-,  tetter 
relr-'clc'rr-e  Id'rp  £cd.ei  persus  xr::'e.-:,:.:;u  rlerettoiedlcilEfilti-a 

Leva  cleCwj  c.ettcrcitc:y  ecrvtca  vita  S  £'^2* 
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fsctcrj  ccrpc-tiLbUilpr  zc;:nilt3  in  tci«3  Czz~iLt2  izci  tir-t  tlmp-  cs’a 

elrni“rn<-cn;.£3  ccntirrn.  CTns  peer  r£c^-.l-:3  zzzj  ts  Czs  to  ti.3  cf  centir^, 

to  fziuid  cpiiats,  cr  to  tha  roe^lnisss  cf  eventing. 

Gleso  lebcrr.tcr7  ifcra  is  ceci  cst-meiroly  fer  cccp^tlrilitT’  £~5 
gtsJjilitj^  tests  es  veil  cs  fer  gsneml  Inbcratcry  ten-llin^.  E73*£2  elers  pipe  is 
usei  e:cten3ivsly  in  the  cmtiTacturir-s  facility  fer  E^Og  eerrics.  Glass  if-ni:a~3 
have  been  evaluztei  to  a  United  e:rl£St;  the  ncre  cclaca  elass  used  for  iiain^j 
ccatains  cchalt  end  thsrsfcre  ehova  poor  ccnpatibility  with  E£{^.  Erisver,  ccoss 
glass  fcmalas  do  show  escellsnt  ccspatibility  %?ith  tsit  there  is  co  ass 

espsrieace  available  with  these  llnisgs. 

Synthetic  sapphire  has  not  been  cppll-ed  erSaasively  dsoplte  its 
eacsllsat  ccapatibiiity  with  Z2O2.  Eatoacter  floats  ere  prchably  the  caly  preoaat 
application. 

7.  Jforois  Eatorial.3  end  Filters 

She  results  of  ccapatibility  testa  of  various  porous  caterials 
ere  suraarized  in  Gsble  XVT.  Eiese  caterials  are  generally  of  iatorcot  for  use 
in  the  filtration  of  hydrogen  peroxide  and  thus  will  collect  cay  dirt  which  gets 
into  the  E2O2,  ihoreas  a  clnor  aaaaat  cf  catalytic  dirt  eight  he  tolerated  la 
a  large  teal  of  collection  cf  this  dirt  ca  a  filter  in  a  relatively  evall 

quantity  cf  EsQa  can  cause  C'cnsidcrable  d  E.’.2refcre,  care  East  be 

exercised  to  keep  the  use  of  filters  to  a  Eisiaun  end  to  eelsct  filtsrisg  cedia 
that  will  not  readily  react  with  deaerpesius  1*202.  For  ccaccntraticns  cf  E2C2 
above  50^,  low-celtiag  caterials  ouch  as  Eacren  are  ret,  ro'-".:-— ■:;.:d  for  filter 
elscents . 


Porcus  porcclala  basterlolcpical  filters  Lave  cheva  good  service 
la  E2®2  pc^'^r  oyster:  rcfuellrg  cperatlcr.3.  lereus  Ccflen  crJ  IZzil-F  era  believed 
to  be  cuitabls  for  tea  es  filter  i:.r.5ia.  clct’i  c.'.-pl/is  cs  oupplicd 

were  a  carh  fcreen.  In  the  firct  test  cf  there  oer^hee,  ties  lec-u:  colcr  became 
P'ers  vi;ite  erd  t!:e  rpCo  etelility  res  alrereely  o;:h-,el-,d.  In  repeat  tests,  the 

stability  tv-s  rlzh  lera  affeetel  end  the  Eeteriel  g:::v3  Clees  2  eorvloe  results. 

Tim  P'rp’yi"p  rerr:3  etehclere!  rteel,  the  cl'-et'tT?  feeved  by 
cirtcrl/'p  pe-'h/;re.l  e.  jh.  te  fvel.h:l.  he;;yh:>  ceeh-Ier  vlo  elicit  In  the 

caetrol  cf  the  reevh  ■  eh.c:  p  pcc.:;-;i  cca  Co  t.-ihr’-'-'-  et  cf  tho  flniehel  ccepacts, 
v’-i  r:ee:;3  hero  l  e,:.:  te  snh.r  t'"  .ee  i.;. hrei  rP.s  c  ~v  'he  ii.r  h  !'■>  ee.ril.C3.  I'crous 

cvirelees  oeec;!  e'.h>  feet  v:.:-.;;,  chh  er  v..;  :;'!  ch  v.tre,  2  esd  3 

re.;;;tLt3.  Then  ir  h:^  th'’"”-  -Pe  fer  iil'h'r  cl  :;;he,  vellh-g  ta  hopt 

to  a  £h,;::l"-'  r,  211  £hel"lee.i-ele3l  eeetfen  fiXtira  te-u  l;;cn  xetiil  euacstsitilly  la 
voricos  S-l  EhO^  cperielcet  fllpht  vehiolss. 


cf  ^2^2  i-r  iiltces  cn  Jhue-:,rb  c.el  t^-pe/hp-te-:  1;  vents,  tut  It  is  feepllo 
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cz5  to  -  c-  t::t3  e- 1— fs?  t£C3  is 

•  Xt  t3  noi  ycCi.*— — fc*— 0* 

^c3"tE;i3j  filters  fc:^  r;;!^  £~2^£s3,  it  -is  t»  fctj 

tS:c3  clc^a  k:^  to  cz:^zlz3  ttzji  frc'V-c^tlsrt  i:.:::3  2£3t  e-n  &  fil’i;:^  is  .ellc-xJ  to 
dr7,  criC^tlca  ri’j  co-^r  cc.uc-3  tt:i3  dflrt  to  £::cr;as3  la  CEtEl^io  csttoa. 

Eiersfcr-s,  it  Is  s  c=<^^  pcllcj  to  cri*?  iE;S 

vith  fiistillci  cr  clcca  pciable  ¥at3r.  Also  'il-sli  tlo  fiitor  eal-tatla  mtor  ' 
before  xiss. 

8.  Prot-setive  Ccatlr*^  !!3.t?ris.'la^^^ 

52:a  results  of  protectlva  ccatlrj  catcrisla  eval:^tic29  cro 
cisEEJrlsed  in  Esble  E7II. 

^otcctlTs  cc2.tir.r3  era  cot  rcocrr,cr^si  for  ctsr^;^  -  task 
service,  but  th^ey  js^y  be  of  valu-s  for  jrso  1:'2’:3  esl  to  prstsst  Icoca- 

pitible  crtcrirls  frca  E2O2  r-lsshos.  lEt'rsfs"©,  prc-Motiva  cs3tit"3  ttva  been 
cval'iutcl  for  sorrlca  vith  F2O2.  Cf  t--'33,  c:;Iy  Er.flci,  X-1-?,  crl  bot-nir- 
Bpra-u;i  polyothylcue  hove  irdicstoi  suitubility  fc^  ezre  fzzi  c~lrzh  ccitrst  ct 
tcr-:sr£turs3  cf  18d®?  for  Toflca  csi  Eol-P  cad  to  lliS'?  for  pc'^^thylsuo,  hcrover; 
there  bus  been  no  crperieace  vith  such  co3tir:':'3  ia  ecfsol  czrrica,  ^;;^lzzh~rsslst2rt 
ccotlr".3  such  C3  clu.zlr,u2-diEporclca  Plcstic  Fi-tal  £2  trra  tcca  used  to  prevent 
corrcolca  of  steel  ciirfocca  la  fci~drc~^ua-ptrculie  eterr^a  cr-i  tsuHir^  croao,  and 
tiio  ex^ilicstlcai  cf  such  ccotia-^s  or  poiata  la  reocE:":sJ!c-d  for  rsrfaooo  cf  Eateriala 
subject  to  corrcslca.  Rrevcntica  of  rust  la  FW®2  fcsafllrs  cri  storaso  ersaa  is  a 
safety  xtsaaure  because  the  possibility  of  ceatSu£n.s.tia3  tho  EgOg  is  rolucod. 

Eine'^ln-ccatcd  (elcctroloca  clchel)  did  etsol  fcss  choua  good 
ccspatiblllty  vith  E^-a*  Tlr^plstlr-,  fcUr.ud  by  c  l2S®^  test  to  esal  the 
perss,  t33  preved  to  ba  ca  effective  cuisrial  ccrtLtj  fer  ESTviss, 

It  Is  telijr.-sd  that  protrctlvs  ccEtlu^  cry  bo  used  to  edvaats^jo 
la  ECO2  cervios  for  j.rsvzrtiai  cf  ccrrcrlca  c?  curfcccs  El'iS  fer 

casri  cf  Li.':;h-"':--.:T.;:‘.:ra  fc.:d  tuihs  to  g11c\?  fwhrlc'rtica  f-cu  £:,rtrls  iMch  pcstesa 
fci^h  ctrE:v'lh-to-t  ;  '2ht  ratios  tut  cere  cot  czr;;;stitl&  vilh  tSo 

to  Elic'^  G  pructicui  hslilr-,3  tlaa. 


Xa  CcrrTC.1,  platlr-3,  eu-h  eo  tia  p'r.-'-s,  strip  eff  vlra  e::^:^C£Cd 
to  v~*crs  preE^utl;— 3  exa  t:^::;r,  tho  ei":'E3 

ttre--;;:;  ;.. ';:e::,s  ia  tt.-j  p'uLo  cr  tho  ci„.e  end  tl:...;a  Ccccryoscs  tiSa  It 

CZ-:  'i2  i',o  i;:.:;:.:-’v"rao3  lltciatfj:-^  cr;-":3.  Cho  then  ferns  a  bllstsr  valch 

evcutmlly  truu::,3  cud  Glicua  ccra  E2O2  to  ccatact  tho  C8. 


9*  Joirt  P’^r'^.I.r-r  Crr-’ 


’M 


Tza  Tcmlta  cf  rtyslcsl  end  chr~fnal  toots  cf  Joint  esalins 
Lth  iylr'r;;:a  pcrculia  eu'3  cusurrisri  in  XYIII. 


rrns  ^3 


1.  „  t 


Ecpcrt  Ill 


EsuiiT'S  C7 


:3  Q?  K:sz:a2i?F  cc:F-ir:3  ro  50^  %02  r; 


(ZI?.  1) 


IJatarlnl 


Es3ult3 


Bscsssnded  Coatizigs  for  Long  Tiss  Contact  sni  £plssh  Bssistcscs 


Teflon 


Eal-P 

(M.W.  Eellogs  Co.) 


Kel-P  on  1060  A1 
(i'letal  Clnddln^j  Inc.) 

Kel-P  on  525U  A1 
(Mstal  Claddiss,  lac.) 

Kel-P  on  5652  A1 
(^^tal  Cladding,  Inc.) 


Glass-lining  (clsar) 
li^'it-rrcy 

Csrp.) 

Glss3-lin':,3  (C:ialt) 
Ccial.t  cnlnrci  rlnna 

f \ 

K*  ^  V-S.-  -  / 

Enn"3in  co'r^tcd  ♦  tin 
platc-d  nntnis 
(iCaystona  CZrcsiiiaa  Co.) 

(teisl  Irrprc'Tatcd  glacs 
clcth  or  icilon  cloth 
(linvid  ClcriL  Co.) 


CcE^atible  with  EcOo  over  long 
periods.  In  A1  IC^,  5-Z^ 

container  tests  EgC2  co^csn- 
tratica  loss  vns  35.5  to  5^.S^J 
frca  90.4^  in  52  veils. 

Ccssatible  vith  F3O2  over  long 
periods.  In  A1  IC'D, 
container  tests  EnOo  ccscEa- 
tretion  loss  vns  0.7%  in  39 
weeks,  and  Z2.^%  in  79  weeks 
froa  90. C^. 

vti  aolM/\&  ©  £5*C  «  0.0 

E2O2  stability(2)  after  test  ■ 
95^.  Ko  effect  on  enrele. 

Vti  A0LM/t±  f  Co®C  -4.6 
E2O2  8tsbillty(2)  after  test  ■ 
9t^  Eo  effect  on  senple. 

Vti  A0l(1)M  9  f5*C  -  3.4 

E2O2  8tebllity(2)  after  test  • 
92.2%.  Kb  effect  on  e^npla. 

Wt^  ®  ^5*^0  -  2.4 

Xk>  effect  on  cntcriel. 

wt$  A0L(i)/vk  e  Cyz  -  3.0 

Eo  effect  ca  jLrlsrlci, 

Vti  acl(^)/’/^  &t  <r5*c  -  9 

Eo  effect  unca  nnicrial. 

Wfl  ACl(1)A-?s  at  Co'c  -2.9 
irt^  AnL(l)/i:o  at  30 *0  -  0.5 

Eo  effect  «;«:a  enter  tala. 


Eisnsrsicn  coated  ther- 
ccn-lastie. 


I'i~ersicn  coated  tter- 
ccnlaatic. 


Class  1  ccrnatibllity. 
Eprsy  coating  only. 

Class  1  cen-satitility. 
Epray  costing  only. 

Class  1  cerpatibility 
ezeept  sligltly  lov 
stability  after  test. 
Eprsy  ccatlng  only. 

Class  1  ccrpatibllity. 


Class  1  ccnpatibility. 


Tl)'  Ac'ivo  c.-;'7’;'t7j  leas, 

(2)  Dts  fcot;'3wa  2,  Idbla  11. 


Fs.C3  49 


mnE  rni  (c-nt,. 


Keccsssnded  Coatlsga  for  Splach  Besistszeo  EorTlea  Only- 


Tyson  Paint  7235 
TP>8l->clear 

Blistered  in  24  hr. 

Eb  other  effects  noted 
A^li^  as  ordinary 

paint. 

Tyson  Paint  71253 

TY-IOTB 

(U.S.  Stonevare  Co.) 

Blistered  in  24  hr. 

Applied  as  ordinary 
paint. 

Corrosits  Ko.  521 
Corrosite  Bo.  551 
Ccrrosite  Eo.  531 
(Corrosite  Corp.) 

Blistered  In  24  hr. 

Ai^li^  as  ordinary 
paint. 

Plastic  Mstal  Bo.  22 
(Bat.  Ensrg.  Prod,  Inc.) 
15th  &  Bsv  York  Avc., 

B « W .  ^  Wanhitife^  ten  ^  B « C . 

One  Esall  blister  in  43 
hours.  Three  blisters 

la  9  days,  (lleat  faTOrsbla 
for  splash  resistance.) 

Ai^lled  as  ordinary 
paint. 

Saras  Rubber 

Q-1875 

(Bow-Cbmieal  Co.) 

Softened  and  blistered  in 

1  week. 

Specially  epplied  by 
■anufactorer. 

Mv— Type  Bo.  150 
(The  Gregg  Co.) 

Blistered  in  43  hr. 

Aasrccat  Bo.  1262 
(Assriesn  Pipe  & 

Const.  Co.) 

Blistered  in  24  hr. 

Applied  as  ordinary 
paint. 

Heilex 

(Kail  Process  Equip,  Co.) 

One  eaall  blister  la  24  hr. 

ilpplied  by  fabricator. 

P-5»  Co-Polyrrr 

(liateon  Stesd^rd  -o.) 

Blistered  in  24  hr. 

Applied  as  ordinary 
paint. 

Bcolaa  Grey  Bo.  6j-C3 
(Cbasbcrlaia  Engr.  Ccxp.) 

Blistered  in  24  hr. 

Applied  as  ordinary 
paint. 

Steolecte  Stainless 

Etsal 

(Stcelcots  Klg,  Co.) 

Saall  blisters  oveml^t. 

Applied  as  ordinary 
paint. 

•  • 

Report  Ar-c 

r;  f,^s  TTT 

P— ^’*3 

Coatissa  Bot  Eeaej^.^i'.->-l  f^r 

esrvlca 

Gem  Latex  3IZ 
(B.P.  Gooarlcli  Co.) 

Blistered  in  £k  hr. 

Blfflcal'^  csc-otatsred 
la  a^Hcatioi. 

Flexsoat  Bo.  1  Blselc 
(Eieea  Clicsleala  Co., 
J&iffalo) 

Blistered  In  I6  br. 

Blisters  cses-'ssterci 

In  rtper 

Lit^-cx  LC-fcO  (Grsy) 
(Lit2:^ca  Corp.) 

Blistered  In  24  br. 

A^ll^  by  EsRUiaetiircr. 

Asereoat  F.sd 

(Assr.  Pipa  &  Ccastr. 

Co.) 

Blistered  la  7  hr. 

( 

t 

i 

f 

Rwfeoat  Ked.  Gray 
(Prufeoat  Leba.) 

Blistered  in  £4  hr. 

Assailed  by  Easufactarer. 

Lithgev  LC  (600) 

(Ero'^m) 

(Litlr^ov  CoTp.) 

Sasall  blisters  7  hr. 

Applied  by  Easa;ifacturer. 

Velofora  P-lG 

CPP3C4 

(Pljrestoaa  Rubber  Co.) 

Blistered  haavily  in 

16  hr. 

Applied  by  fabricator.  1 

1 

Cordo  8-235A 
(Cerdo  Chemical  Corp.) 

Coating  blistered  in  22  hr. 

.  AppUed  by  dipping. 

Carfio  Plastic  Ccztiss 
(E-1  Esssln  ♦  K-ZS 
Activator) 

DiiO-EP  psy  IsstraCtlCCS. 

ChrcsaLUcy 

Iftilcbrcao  Drva  Lintss 

B— 124-17 

(iSiited  Cbrcsdua  lac.) 

Elcb  rate  cf  K  Cet  r™o- 
sltloa  tad  Ica-Llag. 

Esavy  blisters  In  2G  hr  at 
^*C.  EC3.V7  blictors  la 

3  hr  at  Co^c. 

Applied  by  r-,-e-«'r£.stur©r 
to  Ic^  csii-lca  steel 
sz^ples. 

Applied  by  Esaufacturer. 

Ifesa  51 


Impart  £: 


m  . 


rst.c.Ti®i 


Dcllca,  E  Costlsa  Kaai??  bli£ta?a  la  3-2/2  t? 

(Halted  Chrs^ta  Isc.)  et  39*C<  li£^  la  sS  el 

66*C. 


EX633  Paint 
(Aserlesa  Faint  Co.) 

Sealer  EC301 
ifith  aecslsratsr 
(l-:isssEcta  Klalrs 

&  £^g.  Co.) 


Sez^le  bllst^i  eM 

peeled  ea  lgrs::ll&ta 

1.  .  t&isured  ctr;^a  barst 

Into 

2.  Cured  ejri:-l5:3  burst 
into  flrr.'3. 

3.  Acecler'ctcr  ecirjlca 

burst  into  tlczzs* 
k,  tcslsT  c!ir;:;3  na  effect 
*t  ro«a  tcui^-srsturo. 


Errsfsottircr 

red  leM  besa  prl^ 


Implied  bj  febrleator. 
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Eejort  £:7I2ii“lI2-£5-6, 


I!c3l;  ccrr:,-:rcl2l  pirs  ♦pis.w-c-rJ.lT^  er 


b-;:?  cu:~::"::;=i 


‘tZ'w';^£CH3  C^  i'333  %'vgj  C^3_-3  X-I — 3  £31^  i^v2 

t3C3  U3c2  Estlzfistcsily, 

Ebsra  ere  ■teo  tbrcsd  ccr“;c"ni3  L™3  e!;3"*'2  Eenrice  la 
32  SC^  ^2^2  E;"t2-3.  Eisss  era  T-ril-2,.  e  C:-.°.ca  vr.tcr-Si-r.'rEica  122^3 

for  EEsH  pipe  t£r£3a3  tad  Coflca  tape  for  0.£j:0-  t2a;C2::;a  t-ia.-sioe  pipe  tlarc:^3. 

Even  epproved  Joint-scallas  ccrpcraaSs  cast  ta  crrUzi  to  tiacsis 
for  sa  E2C^  flew  systoa  la  such  a  esnaer  th3,t  no  cjap'caal  irlll  catsr  eysrlca. 
5ui3  ccE^oaad  ehgjld  be  used  eparlssly,  caly  ca  tiia  cs-Ie  psrt  cad  not  ca  tae  first 
tso  tSsTcaia,  Esis,  tlie  escasa  vtU  press  cut  cf  tlie  tia'csaa. 

Kps  thres-da  sbeaLd  be  CToldsd  in  r2C2  Ci*5t2a3  if  j-sssiblr; 
flcrpea  end  37*  flora  ccsaecticua  era  reecmcrlsl. 


10  •  Frcsb-f^etlTe  Cl.obbb'T-'? 


^  -1  ^(1) 


£ba  results  cf  ccr;2itiblllt-y  tests  cf  protsstlra  eletbiisp  crttsslsls 
vlth  ESO2  ere  c;:rrs:riscd  la  Tables  nS  E-si  IZ.  Eesse  tests -tiS-re  dirsctsl  prisir- 
lly  tCirrd  ficifrp  natsriala  tbst  vculd  cot  i~'lt3  If  £  i;'  tts’S  rsillsl  ca 
eletbiss  coiled  vlth  csta.lirtla  dirt.  Tb.a  cMsf  l.s.ssrd  css.'.'  .:..’*S2''sd  tbru  cssssa- 
trated  hydrecea  percride  is  eccldeatally  Es.b22:::d  ca  e  t::rL:r  is  tba  psssililitj 
tisst  the  vorber’a  clcthirs  viU  Ipalte.  Cocesdsrily,  r.at.?rls.l3  vsra  CTslsatod  for 
reslstaacB  to  dstoricratica  by  tha  eotloa  cf  ccacssi-isstsl  tisa'opsa  rsrarZda,  Frca 
tha  results  cf  tests  (Table  SIS)#  it  «3>3  fersd  t:22t  la  lath  C'a  clcsa  cad  c-ctlsd 
ccaditlca  virgin  Cacrca  in  all  forrs,  Earaa-r-asfllsrsat  cad  l:.:.S2'::a  -  vool 
cloth  resisted  igaitlca.  C;iTiel  ead  Caraa  ctsbla  fibsr  resisted  Ip^'-dtica  la  the 
clcea  ccaditicaj  Ead  ignited  caly  vlth  difflcaity  visa  csilsd.  I'ecrcei  ves  urr-ffeoted 
by  9v^  ^2%;  Eacrca-vsol  end  17.221  vers,  caly  elip;:tly  detsrlerttod.  It  r,'.st  be 
ested  tbit  ecas  treatsd  and  d;-cd  laorcaa  ia  the  coiled  ccrolitica  vill  Igiriite  vlth 
90^3  Edr^lso  cist  be  tested  before  use, 

Eassd  ca  those  teats,  coarcos  vere  ds'ealrpcd  for  ps::;:'-2blo  cad 
I’T'Orseshle  clcthleg,  Eils  clothiJig  tad  cocosoasy  e.cc^;sceri03  e^rs  Ceecrlbsd  in 
^ppsedls  V. 

It  irest  ts  pointed  c.:t  tint  even  rnoteotlTO  clcthing  r,:,2t  fce  lept 
cleea  end  perticab  :rl/  frea  cf  cedinery  rr^^'ses  n::!  cc7e;!2-s2  >  teeh  tj  r  ” 

rn-rgeeru?.  G.ec,2e-eellcd  er— lea  cf  latree,  Iri.el,  c,:J  3;^  r:.cre;>2„>  \2;:al 
tera  beta  foeel  to  f’rd  tora  vf  jee.r.eJy  2b;a  v'tted  vilh  t  'Z 

r::3  liieZerbie  cr  cl^-rZeg  r;-r:el  t:Lzlz3,  c  :eial  leebei^rea  Eret  to  cr  lcycd'" 
tceencs  cf  lytioi’e  lo;?  eertenieg  tnl  c:,7rlt;ii2g  pelnta.  Eeercei  cry  to  i^'inil^;^sd 
vl'Ti  no  cposlsl  pr::;ee:e.tica3.  d.e.-a,  Crerca  la  peoeoi'rcj  for  this  resasa  ead  bocoera 
cf  its  better  r€£isti:;co  to  tiy*  E-Co. 


.. 


H: 


U  4,. 


- i  - 

t 

Actives  C  ---3 
lci3  c5  I:,;;- 
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Fo 

Arf-r::zdf7 

C.S»  F-iibsr  Co. 

1.0 

12.1 

ETfsat  IT'™ St 

C---3 

r-:.7j  ms 

C.U.  I::zz  Co. 

0.5 

13.0 

•  « 

b 

mric 

€-ir~^ 

Cl;'.:^vi.3  r’.,:zlc3 

m. 

o.s 

13. 

n  • 

■ 

I^sccfilrrint 

£n,raa  r-rs3 

0.5 

6.0 

•  M 

B 

E2.cran-"::al 

W>  J* 

tzoz-'~z 
liilliboa  Co. 

0.7 

7.1 

To  To 

Effect  trf::st 

C^-nsl 

E:-;S'lir;j5;c3 

j:i2l3 

mm^ 
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•  I::ss:2i 

rs-TtfoL'!-’?' 
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V.»'l  •.  !» 

£t 

£sran  (stapla) 

Ciraa  Yzrza 

Co, 

1.3 

k,0 

Fo  Fsrssd 

Effect 

EC.2.0 

Tlsyca  "B" 

Kilbcra  Co. 

• 

1.9 

^.0 

m  « 

et  6i"C 

Iblj'vlrj’l- 

cblirida 

llilbura  Co. 

0.2 

3.6 

Cot  Tests! 

E-'-rf  eos  C3 

.....V ...... <% 

c‘"‘:zz.Z  c.% 

TlC'T.irrip  zipper 
(Vi^:-i) 
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E=pc?t  AZ=3-S-£5-6,  Arc-: 


A.  esiEPHi'a  ccL-sizrcis  A2D  EZI2  E^nrs 

1.  Er?7?a 


4.  Gsnsral 


fhsra  era  teo  cf  r3c4  to  ct.f.o  crcsr'trn.tsi 

Crzas  era  rr.i2  cf  kf 'C-"v:rit7  elv;'..v:'.u:3  t::i  era  f;;' 1  l:i  £■;:;  :.r  r  -  '::.a  vl'la 
IC3  £re=“fic£i;.ra  J;.‘").  Ii  etct^uzrra  r;Z2  r'C-^ cC.! 1,3  cf  c:a- 


CdtratEd  t7-:lrc2£a  jcrc-iCa  r;7  ta  r;vl3  la  d£vl;'G“Cc:':c'.£  1 
les.4  car  ler3«tl,£a«cr?  Icjl  lets.  £l,;c~"-t3  cA  ccac:£:t£r:': 
ecrparu-cat  dr'C'j  era  lirltcl  to  fEll-C2a*-Icc2  Icls.  £1: 
to  truck  fiklrnsata. 


.-."at  d--a:::3  la  full-ccr- 
:!  pcrc.;:  *:l3  ia  6ir.;’lLa- 
llcx  rcrilatlcna  tzolj 


EsiA  of  tkesa  trr-^23  cf  dr.-rj  t23  e  rctc4  ccr-cltj  cf 
30.0  £al,  Tha  crcrcrlrata  tcra  eal'Ct  c?  e  clrc-®  c:.:;:::'::,rl-:.-':at  d;-.“3  Is  1^2  lb 
ead  tkst  ef  e  dc-a’;la  ccr-ar'oaat  dr-cs  la  50  lb.  Taa  net  fllUrj  vc-<..i';.t3  cf 
ecaccstrstsd  t'jircrzn  pcrcedla  era  ebe^at  3ro  lb  eai  ccrrc:c:c;r-i  to  etcut  27  esO. 
of  llijald  la  tba  drua.  Eaa  vclusa  vill  very  vilb  tcar'^”s-’<3’a. 

A  lebel  carrylr^  IrC'crtrat  isstrcctlcra  ia  efflred  to 
each  drea.  It  la  esrcntlol  tl^t  tlzssa  tastTEcUena  ba  r$cd  esd  fcllcucd  ty 

persoSw^id  b CJ*.  'd  All  t^a  d»  . 

The  eeel  vires  oa  fha  fill  ccys  should  cot  be  trrclca 
vatu  tha  costests  cf  tlaa  drra  era  to  ba  v^icl. 

b.  gtncla*Cc;-;2art™tC5t  ISras 


Tl-a  ca-j  cn  tba  c1“:2l9,  tu-j  c?  tCJa  dnra 

ccatslrs  a  Er"---b  Srvtts  8  l'a:  :::s  Cl'  :  .'ei'i.  ICs  I.::  raa  dls* 


ibra-'a  l-r  t;!:?  c?  c  l;.at  *3  cc-.  al--;s  vi2h  :..  ■:  „ -a 

£;;a  d;^.  ::■'  ::i  c  e  flit  f-"-t  fllr.3  £-■  ,  -.3  tj  e  :f  ■-3  3'l"3  t:..  '  ;r  2vi?  j  "-:: 

e"rc,  t  -i  r  : .  il  ■  1  r  :.l  -"l.-t  £.1'  '  1':?  c.  ’  3  r  -.1  c'  :1  ‘"I  J  1-3 

t2  '■"-'"-■i  1  ■■■  ■  -i*  i-  ■'  1'  -i  •■!  ■  'i  ts  i  :11...2  £  ■  ■ ,  “  c  cx  i',:!"  1  c'i  1 .  j  c  '  '■,  tla 

d;.?',l..,:.-;:3  r  j  ■•.  .3  £'  1:" ' llj  t?  C"".;3  lc..;:-.:3  cf  11.3  t,...j5 

crcj.llr3  e  f  v,":,  -2.  f.:Zl  Ca-^.3  £i:,euld  ba  io  4  vertical 

it  w,  u  f  4T53  tl;.ra  l5l;::3 


C.  tk:;f>l9-Ca:2erll;C-t  Iria 


r':?'?o  «?5  t-t}  £>3  1^3  t":3  cf  cr,9 

fc-?  fini-3  fd  cr:l:*^2  ^  C-  -y)  c.:-;l  1:  >  £■■  '3  f-r  \'  -11  :% 


11.3  £U1 


,':;i-3  11, a 
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ccspartesnt.  Its  cap  has  staaiard  ri^it-Jiard  ttircais.  Ea  rsat  fcaas  cpsas 
into  fee  top  ccapartaant  directly  ebove  a  Eansca  diaplarcps  essczbly  cas-atei 
in  tba  iasar  head.  Eis  vsat  cap  has  left-hard  thraada  erd  iaccrporataa  a 
porcaa  cerssdc  filter  csdiisa  that  ellcvs  vapor  to  eacapa  but  prevents  entrance 
of  dust  and  dirt. 

Ibe  purpose  of  the  t^sper  cerparteent  is  to  confine  any 
aplashing  or  leskass  of  hydresen  peroxide  that  might  occur  through  the  Eunsen 
dlaihraga  if  the  drum  vere  accidentally  tipped  or  rolled  on  its  aide.  Ecvever, 
for  additioial  safety  reasons,  this  drum  also  should  be  kept  in  the  upright 
position  and  never  rolled.  Gie  vent  cap  should  not  be  removed  nor  its  seal 
vires  broken  until  tee  entire  contents  of  tee  drua  have  been  used. 


d.  Drum  Storage  end  Handling 

General  reccesascdaticas  for  the  atcrags  of  hydregsn 
peroxide  are  given  in  Section  B,  vhercts  specific  rcccrr-rrdaticrs  pcrtalnL’^g 
to  druas  are  cited  in  tee  fcHoi^irg  paregrsphs.  Enrh  ccatalning  ccncentratcd 
hydrogen  peroxide  ehould  preferably  be  stored  Inside  a  building  protected  frea 
the  hot  sun,  Inclercnt  veather,  end  dust.  Btcmge  conditions  should  be  such 
that  the  drusjs  can  be  kept  balov  230*7  in  the  event  of  a  nearby  fire,  end  tee 
atorsge  area  should  be  ventilated  to  prevent  the  CTirichrcnt  of  o::t"en  in  tee 
eteosphere.  Druss  ehould  preferably  be  handled  caj  pnllsta  vlth  lift  trucks, 
ghey  should  not  be  stored  on  wooden  pallets  nor  atechcA  oa  top  ef  each  other. 

As^e  storage  area  must  be  provided  for  inspection  and 
easy  aecesaibility  to  tee  dnsss.  Access  aisles  adequate  for  esneuverlng  dna- 
bnndl Ing  equipment  cbc’old  be  provided  around  tee  druns  end  betveen  every  four 
rows  of  druaa  if  stored  stegly,  or  batvean  every  tvo  rows  cf  pallets  if  stored 
on  pallets.  Individual  dnres  should  be  sufficicotly  accessible  to  permit 
tezpereture  checking  hy  hand  feeling. 


The  druns  ehould  be  checked  several  tlsss  e  week  for 
excessive  decccposltlca  cf  tea  bj^lrcgca  pcrczlda  end  fer  Ictesga,  partlcoiarly 
if  they  have  been  epened  for  any  reason.  In  tea  ursltecly  event  cf  excessive 
decorposltioa  coc*\rrlr3  in  a  drua  (datcctcd  by  culihlo  tu'sblirg  er.i/cr  rise 
In  tcrp^cratura)  tea  ccr, tents  of  tea  drua  ehould  ta  q-..lclJ,y  d'rpcccd  cf  In  a 
safe  esnner.  At  the  dr.cl:.'."i5  facility,  t-ha  dn:a  £hf.l.d  be  uriCJ.pped,  tt'p-cd 


ever,  end  crotlc-d,  vlth  diluticn  c::l  nu.::.' 

of  water.  I*f  tee  hylrf.-ien  pcrcsi-’a  hss  reached  te«  toll 


'■-g  with  terja  c:i;:--anta 
L-\(s  steps  cr  is  giving 


off  etcan  thrcvjh  the  vent  cep,  tea  area  should  be  e-,o:cu2t£d  auickiy  beca-jaa 


of  tea  possibility  cf  an  Issiir.cnt  rupture. 


If  a  dns#  ehould  develop  lechstge  threrich  tee  wall  for 
any  rearon,  tea  rcsa.alrug  centsats  ehould  be  used  isrc-iistcly  or  disposed  ef 
cs  described  in  tea  precellng  paragraph.  Ho  attc.r.pt  ehculd  be  made  to  keep 
the  peroxide  by  ti-ansferrlng  it  to  another  ccatelaGr. 


Ihg«  2 
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Becsisse  cf  prriic!:la  cn^trrlriitica,  !:~irc::33 
firezs  trz3t  cct  ta  ref  Hid,  cot  ei-ca  tritii  fzzzzly  rcz:~d  e::! 

csrtzlzl^  vlt:3  CO  c':'::er  nr/oerial.  Ccv’eral  trza  CT^lezi'rjj  Lzt3  cscrzrrca 
ic^ea  tio  xiser  rc-fdld  a  dzva  dti  ezzd  t"Ircci3  psredla.  If  tia  pcrcd'Io 
rezoTsd  frea  tla  dnsj  cannot  b«  casd  cczplotal?,  tSia  cscssa  r^ndnins  catarisl 
Sizsuld  be  flen;2icd  to  Hna  leycr  vitb  ecpicca  ipaantltlcs  of  «atcro 

Brizsf  thould  bo  ceased  cdy  ¥it2i  a  soltabl*  ai^iisa 
that  la  clean  and  iressivs. 

^sr8<&:sel  cgptylag  drea  ehoald  verf:  la  pairs  cad  ^hedd 

e-wl23,  Irpersee’^s  cl'^vsa,  cprcrj,  cd  e'aoao.  Caeca  fcava  teen  rc-;r'td 
x'zzz9  e;:illr.;'3  ctiiCiatiaUl  t^^lr-c-aa  peradda  ca  Icsliar  clcos  tu  cadd 
ths  Bhocs  to  catch  fir a. 


*0  preveat  tha  entry  cf  fcrel^a  cotter,  tla  baas  ca? 
ehcrcld  clvays  bo  Bcrcvod  tightly  ca  tha  tons  enoept  thoa  tla  drea  la  bolns 
eaptled. 


Dnasa  Bfcadd  not  ba  erptiel  by  uoira  elr  cr  cos  prcooare, 
becaaae  the  pro&ict  cay  ba  ccatnalnatod  or  th/.  droa  crorpresenrlsd. 

‘It  is  hazsrdoroj  to  Icora  fcylrccaa  p-oresda  la  cay  ecd?- 
Bssat  that  Is  not  vented.  All  pipe  linos  end  hoses  should  thorcfsro  bo  drained 
vben  trensfers  ero  esnpleted. 

'  o.  Methods  of  Ehptylns  Bnscs 


Several  essas  of  troasferrins  cosecstratd  tyircioa 
percnlds  fres  tcp-catlst  dreas  ero  In  coazcca  vmet  ei'hci:.a,  iptclal  <lrc3  vnivea, 
tslf-prlalns  p^^ps,  end  ca  elector  eystca  eporsted  by  stesa,  voter,  elr  or 
nltrcpsn. 

(1)  SlphJSJ  Tronsfsr 


^Is  csthod  cf  erratptas  droas  is  comally  used  chore 
Kily  ensU  ^u^atltlcs  cr  lev  flc'v  rstos  ero  ecolrcl,  ea  la  lat-nratory  esrh. 

r'aotic  t::t3  e*:"--o  u?'-.Uy 

Is  used  fcT  c?  f:  ■  cr~'l  c  .  cP  ltp,:„'l.  It  is  c.vp-oct 

fe'd  I'C-t,  vr-.'  3,  1;-.'“'  t"3  X''-”-’-'*"'.  l:..o  fsit  tPst 

the  vat.aa-::..:p  r/.-Uon  c?  tao  dcvtca  c;”a:^X3  Ellrx-s  uasali:hi3  fer  bplrc^ai 
pcrcslds  l3  irccstcriol,  since  tha  psrcalin  ccntocts  ccOy  the  plostte  esd 
not  the  cctol. 


tstf.sra,  e^‘'h  C3  t-‘';:.s,  be:- 
he" -at  uit'j  C'  ::!!':;..  -t  Icr,,: 
cl-  :  :1  1.,  J  cf  f  1, ’.r;3  C: 
C:  at  toe;  ■  /i  t :  .:j  {":?  t 
c;a.t  ba  cf  utt’-atia 


tt.a  s?-h  an  can  to  used  for  e-caplLe^  even  In-rpo  con- 
■*-.;s3  ll:vfd  CS3  ba  even  e  ccaaliei'ub: 

cf  Ii3  c^9,  t:::a;r:h,  la  Halted  to  a 

ar'!:-.-vs,  f  ra  •  Ci  ;-'*s  l-fila,  r..a  cajit-clcsr 

t:;  j  m  tl-rerfo  tie  tia  E-ost  C';?aan3  ei£.s)  end 

i»:a3  •  pnrtisl  V£c;U^3. 
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A  typical  »lriaa  is  a  c^nsrclal  product  tncaa  es 
the  "Modal  D  Golden  Edef  Veevnra  P:i:p"  (W.  A  W.  I^canfactarin^  Cc-psay,  P.  0. 

Box  5311 »  Chlcsso  minoln).  The  procurcs^t  of  the  proper  T^’sea  tuilna 
required  for  this  siphon  is  trpcrtaat  for  hish-streagth  hydregen  peroxide 
service,  and  it  should  be  chechsd  vhen  received. 

She  operatloQ  of  this  sasq^ling  device  is  quite 
single:  degrease  the  plastic  tube  vith  a  1^  detergent  solutica  and  rinse  vith 
distilled  vater  to  Babe  the  tube  passive;  if  necessary,  aubsequently  "conditicn" 
the  tube  in  hydrogen  peroxide  by  flushing  or  by  isaerwloQ  for  up  to  ZU  hr, 
foUoved  by  another  rinse  vith  distilled  water;  slip  the  tube  carefully  into 
the  vacuua  pusp,  screw  the  punp  csito  the  sasple  bottle,  and  dip  the  other  enl 
of  the  tube  into  the  liquid  to  be  ssspled,  tahisg  precautiesas  to  keep  everything 
scrupulously  clean.  A  few  strokes  of  the  hand  pizp  then  should  withdraw  the 
desired  escusit  of  liquid.  In  so  doing,  avoid  filling  the  bottle  ccnpletely 
(to  prevent  ccxitact  with  the  alusinta  purp)  either  by  ateppLug  the  pnplcg 
sli^tly  ahead  of  tine  or  by  withdrawing  the  tube  fro  the  liquid  to  break 
the  vacuua. 

Other  al;hcns  suitable  for  withdrawing  frea  'hntsa 
and  transferring  to  an  open  container  or  to  a  large  container  can  be  cji^tructed 
readily  from  aluaiaua  tubing,  glassware,  and  a  aqueeze-bulb  asplratcv  for  prinlrg 
the  siphon.  Such  a  al];ho  is  obtainable  froa  at  least  one  of  the  producers  of 
hydrogen  peroxide. 

(2)  Special  Dnsa  Valves 

A  slngle-cctapartaent  drua  of  ccfflcentrated  hydresen 
peroxide  can  be  esptied  through  s  drua  valve.  Eowsver,  the  design  of  s  double- 
cocpartcent  drua  precludes  the  use  of  such  a  valve.  Valves  in  a  pssslvat^d 
condition  can  be  ob'^lccd  frea  at  leest  one  of  the  hydre^sa  percrld*  prod  tears. 
Single-coDpartasnt  druas  are  emptied  tlirough  such  a  valve  as  follows: 

(a)  Ihe  valve  and  the  vent  tuba  should  be  clean 
and  in  a  fss»lv9  condition  before  attechir^  tha  valve  to  a  dr\a. 

(b)  Rcsova  the  filLlr^  cap  frea  tha  drua. 

(c)  Insert  the  valve  into  the  dnta  fill  bung  so  that 
the  tube  will  be  la  the  vsper  space  when  tha  dnaa  is  horltontal.  With  the 
gasket  in  piece,  screw  vha  vslve  unioa  cut  to  lha  b'ung. 

(d)  Rave  available  a  hose  with  running  water  to 
flush  away  the  few  drops  of  fcydrosea  percxldo  that  will  drain  fron  the  valve 
vent  line  when  the  drua  is  tilled  to  the  borisontal  poeitloa 

(e)  8e  sure  the  drua  valve  la  closed  before  tilting 


the  dna. 
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(f)  lilt  the  dnsa  to.  a  horizontal  position  with  a 

drum-tilting  rack. 

(g)  Fill  the  container  by  openlr.g  the  valve.  Since 
parts  of  the  valve  may  not  be  rated  for  Olaaa  1  service,  contact  of  the  valve 
with  the  liquid  should  be  limited,  particularly  when  the  drum  contents  are  to 
be  consumed  within  a  day  or  so.  Also,  when  no  liquid  la  drained  trcm  the  drm 
(e.g.,  at  night),  the  drum  should  be  returned  to  its  vertical  position  to  remove 
the  valve  from  contact  with  the  liquid. 


(h)  When  ea5>ty,  return  the  drum  to  the  vertical 

position. 

(1)  Remove  valve  and  replace  drum  filling  cap 

immediately. 

(j)  Rinse  off  drum  valve  with  clean  water  and 
place  in  a  clean  polyethylene  bag  for  later  use. 


(3)  Other  Drum-Baptylng  Systems 

Two  other  suitable  methods  of  draining  hydrogen 
peroxide  from  drums  where  faster  emptying  or  delivery  under  pressure  is  desired 
Include  self -priming  and  ejector  systems. 


Ihe  ejector  system  is  one  of  the  best  methods  of 
emptying  dnims  because  all  parts  in  contact  with  the  liquid  can  be  made  from 
Class  1  materials.  Also,  the  receiving  container  can  be  constructed  for  pres¬ 
sure  service  and  used  as  a  blow  case  if  desired. 


All  equipment  of  both  of  these  systems  must  be  clean 
and  passive  before  being  placed  in  service. 

f .  Directions  for  Returning  Gspty  Drums 

Before  returning  empty  drums,  completely  fill  with  clean, 
potable  water  and  drain.  Both  ccapartaents  of  a  double- compartment  drum  should 
be  so  rinsed.  Be  sure  that  all  bungs  are  tightly  seated  on  the  gaskets.  Ihen 
remove  or  obliterate  the  white  "CAUTION*’  portico  of  the  Icbel  as  required  by 
the  ICC.  Declare  the  empties  for  shipment  as  "^pty  Drums,  Aluminum,  l6  Gage 
or  Thicker." 

2.  Tank  Cars 

f  General 

I 

Hydrogen  peroxide  is  available  in  tank-car  quantities 
of  U,000,  6,000,  ind  8,000  gal.  Tank  cars  are  constructed  of  special  aluminum 
in  accordanc )  w’  th  ICC  Specification  103-A-AL-W  and  bave  top  connections  only. 
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The  tanx-car  appurtenances  Include;  (l)  a  combination 
filter,  an  air  connection,  and  a  continuous  safety  vent,  (2)  a  2-  or  3“in«“<ii<i 
dip  pipe  for  unloading,  (3)  a  4-in.-dia  rupture-disc  assembly,  and  (4). an 
l8-in.  manway. 

b.  Tank-Car  Unloading 

Before  unloading  hydrogen  peroxide  frow  tank  cars,  the  cars 
must  be  level,  the  brakes  locked,  and  approved  caution  signs  must  be  placed  on 
the  tracks  at  both  ends  of the  car. 

Caution  to  operating  personnel;  Do  not  add  water  or 
other  liquid  to  hydrogen  peroxide  tank  cars. 

Dome  fittini,,!  should  be  inspected  for  leaks  or  other 
defects.  In  the  event  oi  tank  car  or  fitting  failxire,  the  producer  should  be 
contacted  Immediately  by  telephone  or  wire. 

!Ihe  best  method  of  unloading  couceuLrateJ  hydrogen 
peroxide  from  a  tank  car  is  by  means  of  a  self -priming  centrifugal  pump. 

Although  pumping  is  the  recommended  method,  pressurization  with  clean,  dry 
nitrogen  may  also  be  used.  However,  the  producer  should  be  consulted  if 
pressiirization  with  nitrogen  is  contemplated. 

Ihe  atep-by-step  procedures  for  puzping  concentrated 
hydrogen  peroxide  from  tank  cars  are  as  follows; 

(1)  A  hose  with  running  water  should  be  readily  avail¬ 
able  to  -v/ash  down  spillage. 

(2)  Ensure  that  only  recommended,  compatible  materials 

are  being  used. 

(3)  Ensure  that  »*n  equipment  (hose,  pipe,  flanges,  etc.) 
is  scrupulously  free  of  oil,  dust,  or  dirt. 

(4)  Flush  unloading  hose  with  clean,  potable  water  and 
then  drain  hose  completely. 

(5)  Fill  the  suction  pot  of  the  self-priming  pump  with 
deionized  water  or  water  dlstillea  with  equipment  containing  no  copper  or  iron. 

(6)  After  any  dirt  has  been  wiped  off  with  s  clean  cloth, 
unbolt  the  flange  on  the  dip  pipe  and  connect  the  unloading  hose  to  the  flange. 
Remove  the  blind  flange  on  the  aluminum  unloading  1*  e  and  connect  the  other 
end  of  the  hose  to  the  line. 


open. 


(7)  Ensure  that  the  valves  to  the  receiving  tank  are 
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(8)  Start  the  puap.  Note:  If  sasgsles  of  hydrogen 
peroxide  are  desired,  they  may  be  taken  at  this  time  from  the  pisap  discharge. 
Samples  should  not  be  taken  directly  from  the  car. with  a  thief  or  other  device 
because  inadvertent  contamination  could  create  a  aafe^  hazard. 

(9)  When  the  tank  car  is  empty,  stop  the  pump  and 
disconnect  the  unloading  line  from  the  dip  pipe.  Immediately  replace  the 
flange  to  prevent  dirt  and  dust  from  entering  the  tank  car.  Be  sure  the 
gasket  is  in  proper  position. 

*  (10)  Wash  the  outside  of  the  tank  car  and  the  ground 

thoro\;i^ily  wherever  the  unloading  line  might  have  dripped  hydrogen  peroxide. 
Note:  If  drlppage  occurs  during  unloading,  the  area  affected  should  be  flushed 
with  water  Immediately  and  continuously. 

(11)  Rinse  out  the  unloading  hose  and  elbow  with  clean, 
potable  water  and  then  cover  their  ends  with  aluminim  blind  flanges  and  poly¬ 
ethylene  bag  dtist  protectors.  Store  the  hose  inside  for  protection  frcm 
weather  and  dust. 


(12)  Drain  all  lines  and  the  pump  of  hydrogen  peroxide. 

Fluih  innrp  with  clean,  potable  water.  When  puap  is  not  in  use,  leave  all 
valves  on  the  charge  Une  open  for  venting  purposes. 

(13)  Cover  the  end  of  the  suction  line  to  the  pump  with 
n  "umlnum  blind  flange  or  a  polyethylene  bag  to  prevent  dust  and  dirt  from 
•r  *  the  equipment  while  not  in  use. 

Tank  Trucks 


In  certain  areas,  deliveries  of  concentrated  hydrogen  peroxide 
/  tank  truck.  Quantities  of  up  to  about  4,000  gal  per  load 
jj.  ^  “ndlng  upon  state  load-limit  restrictions.  Transportation 
rated  .lydrogen  peroxide  by  tank  truck  is  regulated  by  the  ICC* 

Tank  trucks  have  ccmplete  unloading  facilities.  Including 
*  -  ose.  In  contrast  to  tank-car  deliveries,  the  unloading  opera- 
'  by  the  truck  operators  rather  than  by  the  customer's  personnel. 

’  'hy  precautions  similar  to  those  pertaining  to  tank-car  unloading 
ick  operations  also. 

p  t.k  storage  facilities 

1 .  Ce.ieral  Recommendations 

t 

Storage  facilities  for  concentrated  hydrogen  peroxide  should 
be  Isolated  from  other  storage  areas  containing  most  other  chemicals  ^particu- 
larly  organic  chemicals)  and  ccabustlble  cat^risls.  Isolation  may  be  acccmpllshed 
by  means  of  fire  walls  or  other  suitable  ways.  Storage  tanka  should  not  be 
located  In  crowded  areas,  and  preferably  should  be  surrounded  by  a  fence. 
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All  facilities  should  be  as  fireproof  as  possible.  Wooden 
construction  should  be  avoided,  and  the  surroxmding  areas  and  drainage  ditches 
should  be  kept  free  from  vegetation.  Asphaltic  concrete,  oiled  roads,  or 
wooden  railroad  ties  are  undesirable  where  spillage  of  concentrated  hydrogen 
peroxide  may  occur. 


Facilities  should  be  as  free  of  dust  and  dirt  as  possible. 

If  dusty  conditions  prevail,  consideration  should  be  given  to  locating  the 
equipment  inside  of  a  building.  Good  housekeeping  is  essential  in  preventing 
contamination. 


Materials  of  construction  must  be  carefully  selected  and 
prepared  for  compatibility  with  hydrogen  peroxide. 

All  containers  must  have  vents  for  the  escape  of  the  decomp 
tlon  vapors.  Ihese  vents  should  contain  a  filter  to  prevent  dust  from  entering 
the  container.  Large  storage  tanks  should  also  have  a  blow-off  type  of  man-hole 
cover. 


Storage  tanks  and  pumps  must  be  installed  on  a  concrete  pad 
leading  to  a  drain  separate  from  other  plant  drains  and  sewers  to  prevent 
the  possibility  of  hydrogen  peroxide  mixing  with  other  chemicals  or  combustible 
materials.  Ihe  hydr:gen  peroxide  drain  shotild  lead  to  a  body  of  water  or 
separate  catch  basin. 

Adeqtiate  water  facilities  also  shoiild  be  provided  for  washing 
down  spills  and  drainage  of  peroxide  in  the  storage  area.  Ihls  flushing  system 
should  be  protected  from  freezing  during  cold  weather. 

A  water -flooding  system  should  be  provided  so  that,  if  necessary, 
large  quantities  of  water  could  be  introduced  at  the  bottom  of  the  storage 
tank,  diluting  and  overflowing  the  contents  of  the  tank  through  the  manhole. 

Ihis  is  best  accomplished  by  installing  a  permanent  flooding  line  that  is  blinded 
from,  but  easily  connected  to,  the  water  supply.  Another  method  would  be  to 
have  a  large,  clean  hose  available  to  drop  throu^  the  manhole  to  the  bottoa 
of  the  tank. 


It  is  usually  recommended  that  an  external  water-spray  system 
or  sunshield  be  Installed  over  tbe  tank  to  keep  the  tank  cool.  For  the  same 
reason,  the  tank  shoold  be  located  so  that  there  1..  fiee  air  circulation  around 
it. 


If  a  sample  is  desired  from  the  8*^0}  '  tank,  it  snould  be 

obtained  either  from  the  pump  line  A'hen  the  pejoxid  transferred  or  frean  a 
permanently  installed  eamplo  coimectior. 

All  pipe  lines  sho’id  be  designed  to  facilitate  ccapleve 
drainage.  If  possible,  each  pipe  line  n'ld  have  oi^ly  one  valve.  However, 
where  two  valves  are  required  ii*  t  e  same  line,  a  relief  valve  should  be 
installed  between  the  two  v^■'ve^  to  p:<  ent  pressure  build-up. 
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Transfer  pumps  should  be  drained  and  flushed  vlth  clean, 
potable  water  if  they  are  to  be  left  idle  for  two  days  or  more  or  if  It  is 
necessary  that  the  pump  be  blocked-in. 

At  least  one  eye-wash  fountain  and  one  safety  shower  should 
be  provided  in  the  storage  area. 

Clean  storage  conditions  are  essential  for  equipment  or 
materials  used  with  hydrogen  peroxide,  such  as  hoses,  gaskets,  water,  etc. 

Operating  personnel  should  be  provided  with  safety  equipment, 
and  warning  and  Instruction  signs  should  be  placed  in  the  area. 

A  good  maintenance  program  should  be  set  up  including 
periodic  reinspection  of  all  equipment.  All  tools  should  be  degreased  before 
being  used  on  hydrogen  peroxide  equipment,  and  only  stainless  steel  or  plastic 
tools  should  be  allowed  to  touch  interior  surfaces. 

2.  Bulk  Storage 

Concentrated  hydrogen  peroxide  can  be  obtained  in  bulk  quantities 
and  unloaded  into  storage  tanks.  These  tanlo»  usually  range  in  capacity  from 
5,000  tc  ?5,000  gel.  The  perexide  can  be  trcasfcrred  from  storage,  pn»8Jbly 
throiigh  one  cr  more  Intermediate  tanks,  to  its  end  use  as  desired. 

The  equipment  and  materials  used  la  this  entire  system  must 
be  carefully  selected,  designed,  fabricated,  end  prex)ared  for  service.  The 
following  section  contains  general  information  on  equipment.  Appendix  III 
gives  detailed  data  on  materials  compatibility.  Section  D  presents  design  and 
fabrication  information  on  storage  and  handling  equipment,  and  Section  E  gives 
Information  on  preparation  of  equipment  for  service. 

3*  Eq\iipmsnt  for  Bulk  Storrge  Installations 

a.  Storage  Tanks 

Several  experienced  fabricators  of  hydrogen  peroxide 
tanks  and  equipment  are  available  from  which  the  custwer  Cay  «  eelecfcion. 

The  economic  size  of  a  storage  tank  is  determined  by  the  user's  ccnsuir'tlon 
of  peroxide.  A  minimum  of  four  week's  simply  is  normally  recommended.  Selecting 
a  tank  of  standard  size  from  one  of  the  fabricators  would  afford  the  tank  pur¬ 
chaser  some  savings,  ^ese  tanks  are  usually  fabricated  from  Alizsinum  Alley 
1060,  containing /99.6^' aluminum.  Other  suitable  alloys  are  5254  and  5652  if 
greater  strength  is  required. 

Horizontal  storage  tanks  are  standard,  but  vertical  tanks 
may  be  used  if  desired.  The  tank  connections  tbould  be  flanged  end  should 
Include  an  inlet  end  outlet  connection,  a  canway,  and  an  edaquate  vent  protected 
by  a  suitable  dust  filter.  These  connections  preferably  should  be  located 
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above  the  level  of  the  liquid  in  the  tank.  In  addition,  a  level  gage,  a 
temperature  indicator  for  the  liquid,  and  an  alarm  are  recommended.  Mercury 
thermometers  and  liquid  type  manometer  gages  should  not  be  used  in  direct 
contact  with  the  liquid. 

Storage  tanks  for  concentrated  hydrogen  peroxide  usually 
are  emptied  by  pumping.  Since  the  outlet  connection  for  the  liquid  is  located 
on  top  of  the  tank,  a  self -priming  ptimp  is  required. 

Tank  manufacturers  should  be  thoroughly  experienced  in 
the  fabrication  of  aluminum  and  should  also  be  familiar  with  the  special  require¬ 
ments  of  concentrated  hydrogen  peroxide  equipment  since  particular  care  must 
be  exercised  to  prevent  steel,  dirt,  or  other  foreign  particles  from  becomiiig 
imbedded  in  the  aluminum  during  fabrication. 

Storage  tanks  may  rest  directly  on  concrete  saddles  or 
may  be  supported  by  steel  saddles  bolted  to  concrete  foundations.  In  either 
case  the  contact  surface  of  the  aluminum  with  the  concrete  or  steel  should  be 
protected  by  an  asphalt-saturated  felt  pad  or  similar  material. 

b.  Measuring  and/or  Hold  Tank 

A  measuring  and/or  hold  tank  not  only  provides  a  means 
of  obtaining  the  desired  quantity  of  hydrogen  peroxide  for  a  given  tise,  but, 
very  Importantly,  also  serves  to  separate  downstream  equipment  from  the  storage 
tank.  Liquid  from  downstream  thus  is  prevented  from  entering  end  possibly 
contamiodtLrg  the  storage  tank.  These  tanks  may  be  fabricated  from  a  Class  1 
or  Class  2  material.  The  tanks  can  be  pressure  vessels,  fitted  with  a  vent 
and  a  gage-glass  assembly,  €md  may  be  equipped  with  bottom  connections  if 
desired. 


c.  Piping  System 

Piping  should  be  fabricated  from  a  Class  1  or  Class  2 
material.  Aluminim  Alloy  1060  is  the  preferred  material,  and  should  be  used 
when  the  peroxide  is  in  long-time  contact  with  the  piping.  Alloys  3003  and 
6063  are  more  readily  obtainable  from  local  sources  and  are  suitable  in  many 
instances.  The  piping  should  be  of  welded  construction,  with  fittings  and 
Joints  minimized.  Bends  are  preferred  to  elbows.  Joints  should  be  stub  ends 
with  lap-joint  flanges  or  flrngcs  welded  to  the  piping.  The  las  of  stainless 
steel,  galvanized  steel,  or  aluminum-clad  bolting  with  galvanized-steel  back 
flanges  is  recommended  since  rusting  of  carbon  steel  would  afford  a  source 
of  possible  contamination  of  the  piping  when  the  flanges  are  opened.  The  use 
of  SchedTile  80  alminum  piping  is  recommended.  Its  heavy  wall  construction 
facilitates  Jointing,  makes  it  easier  to  achieve  aound  welds,  and  provides 
additional  mechanical  strength.  Stainless-steel  pipe  or  tubing  may  be  required 
for  certain  services,  particularly  if  hi^  pressure  is  involved. 
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Where  the  point  of  ptmp  discharge  is  lower  than  the 
level  of  the  liquid  in  the  storage  vacuum  breaker  to  prevent  siphoning  after 
the  pump  is  stopped.  Also,  for  transferring  concentrated  hydrogen  peroxide, 
the  pump  should  be  installed  in  such  a  manner  that  hydrogen  peroxide  is  pre¬ 
vented  from  flowing  back  to  the  storage  tank  after  each  pumping.  .  Ciis  may 
require  either  the  draining  of  the  pump  discharge  or  a  hold  tank  large  enou^ 
to  contain  all  of  the  pmp  discharge. 

It  is  recommended  that  the  number  of  valves  be  kept  to 
a  miTTlmnm  to  avoid  the  possibility  of  trappirig  peroxide  between  two  closed 
valves.  Where  this  could  occiu:,  either  a  relief  valve  should  be  Installed 
in  the  line  or  one  of  the  block  valves  should  be  kept  sealed  or  padlocked  in 
the  open  position  so  that  it  cannot  be  inadvertently  closed. 

Screwed  fittings  should  not  be  used  unless  absolutely 
necessary.  If  such  fittings  are  unavoidable,  it  is  recomended  that  the  tapered 
pipe  threads  be  sealed  with  Teflon  thread  tape.  Ordinary  pipe-thread  compounds 
must  never  be  used. 

d.  Stainless  Steel  Equipment 

Many  parts  for  concentrated  hydrogen  peroxide  service 
are  fabricated  from  the  300  series  stainless  steels.  Ihese  can  include  pumps, 
valves,  instruments,  and  even  tanks  and  piping.  Wrought  or  forged  types  of 
stainless  steel  are  much  preferred  to  the  cast  types  and  usually  can  pass 
Class  2  specifications.  The  free  machining  types  of  wrought  alloys  may  or 
may  not  be  satisfactory.  Difficulties  frequently  are  encountered  with  the 
cast  types.  Castings  of  low-carbon  3l6  ELC  are  preferable.  If  practicable, 
it  also  is  preferable  to  specify  a  maximum  copper  content  of  0.2^  for  there 
materials.  The  copper  content  is  not  specified  by  the  ASIM  or  the  AISI,  but 
is  normally  less  than  0.^^. 

Careful  visual  inspection  of  castings  is  necessary. 

Visual  inspection  should  be  augmented  by  a  test  to  further  ensure  soundness 
and  to  detect  iron  contamination.  This  test  consists  of  immersing  the  part 
in  aerated  distilled  water  for  2U  hr  at  room  temperature.  The  easting  woTild 
pass  test  if  no  rust  spots  appeared.  A  modification  of  this  test  is  to 
rinse  .  casting  in  distilled  water  and  then  to  put  it  immediately  in  a  poly¬ 
ethylene  bag  so  that  exces  "ater  and  air  are  present.  The  bag  Bho\U.d  be 
closed  tightly  and  left  for  i-t  hr  before  inspecting  or  rust  spots. 

Stainless  t  ^el  is  much  more  v  'Icult  to  passivate- 
than  aluminum,  partici ‘.arly  for  '  e  with  concentrate^,  .ydrcgen  peroxide. 

Genera _ y.  "  smoo-h,  wro\ag^  .  surfaces  can  be  prepared  satisfactorily 

by  degr'^;8  •  and  subsequent  passivating  with  nitric  acid.  However,  cast 
•’'■♦■ed  orfaces,  or  ■  ■  ■'"g  scale,  wij_t  usually  require  a  pickling  opera¬ 
tor  itoO  a  solution  o*  ..to.cric  and  hydrofluoric  acids,  between  the  degreasing 
and  the  nitric-acid-passlvation  steps. 
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e .  Valves 

Globe  or  Y-valves  are  satisfactory;  gate,  plug,  and  ball 
valves  usually  have  to  bo  drilled  or  scored  to  prevent  entrapc’.ent.  A  metal-to- 
Teflon  seal  \isually  is  more  satisfactorj''  than  metal-to-metal  seals.  Recent 
developments  in  certain  types  of  ball  -valves  have  permitted  these  valves  to  be 
recommended  for  normal  service. 

f .  Pumps 


Since  both  tank  cars  and  storage  tanks  for  concentratea 
hydrogen  peroxide  have  inlet  and  outlet  piping  at  the  top  of  the  ta.nk.,  self- 
priming  pumps  are  required  for  transfer.  A  2-in.  self-primi.ng  centrifugal 
pump  i.;  normally  used  in  this  ser'/ice.  When  transferring  under  flooded  suction 
conditions,  e.g.,  from  a  measuring  or  feed  tarJc,  a  standard  type  of  centrifugal 
pump  may  be  used.  Where  higher  pressures  or  low  capacities  are  desired,  a 
special  rotary  pump  may  be  used. 

Shafts  of  all  pumps  should  be  stainless  steel  and  not 
aluminum.  All  pmps  should  be  equipped  with  drain  valves.  Temperature  alarr^ 
are  installed  sometimes  to  warn  of  c/erheating. 

g.  Flexible  Connections 

A  corrugated,  seamless  hose  of  30^  or  3l6  stainless 
steel,  with  open-pitch  construction  and  -welded  flanged  ends,  is  recommended 
for  use  with  concentrated  hydrogen  peroxide.  Flexible  hose  lines  with  Teflon 
or  silicone  S-9711,  and  fitted  with  flanged  connections ,  also  have  been  used. 
Viton-A  lined  hose  also  shows  promise. 

Another  type  of  flexible  connection  that  has  been  used 
in  this  service  is  aluminum  piping  with  swing  Joints  (Earco)  of  stainless  sceel 
and  Teflon. 


h.  Gaskets 

Depending  upon  various  service  conditions,  gaskets  may 
be  of  any  of  the  following  materials:  Teflon,  Kel-F,  special  silicone  rubbers 
and  polyvinyl  plastics,  pure  tin,  alumin’jm,  or  stainless  steel.  Included  in 
these  materials  are  particular  types  s-uch  as  the  Teflon  envelope  over  asbestos, 
and  the  spirally  wound  stainless -steel  and  Teflon  (Flexitallic)  styles.  Gaskets 
contain-ing  metal  usually  are  used  on  high-pressure  or  vacuun  systems. 

Elastomeric  materials  for  this  sen/ice  should  be  selected 
with  care  since  plasticizers  oi  fill'-’rs  in  the  elastomers  can  seriously  affect 
their  compatibility  and  because  the  .  cterial  might  be  impact-sensitive  in 
concentrated  hydrogen  peroxide.  Only  Class  1  or  Class  2  matc“ia.ls  should  be 
used. 
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i.  Packing  and  Mechanical  Shaft  Seals 

Teflon  or  Vltrlum  is  recomenSed  for  packing  in  valves 
or  similar  equipment.  These  packings,  when  lubricated  with  a  fluorlnated 
hydrocarbon,  also  may  be  used  on  pump  shafts,  if  necessary,  providing  the 
shafts  are  not  made  of  aluminum,  and  providing  that  the  packing  glands  are 
maintained  loose  enough  to  avoid  overheating,  which  could  result  in  rupture. 

Single  mechanical  seals  of  the  stainless-steel  external 
type,  with  glass-filled  Teflon  rotating  on  ceramic  faces,  are  reconsnended  for 
pump  shaft  seals.  The  mechanical  seal  should  be  cooled,  preferably  by 
piping  a  scall  amount  of  the  pump  discharge  to  the  seal. 

Automatic  temperature  alarms  and  cut-offs,  actuated  by 
pre-set  temperatures,  may  be  used  on  pumps  to  warn  of  overheating.  Installa¬ 
tions  should  be  such  as  to  prevent  the  possibility  of  peroxide  contacting  any 
hydrocarbon  lubricant  in  pun^)  bearings. 

J .  Lubricants 

The  use  of  lubricants  in  concentrated  hydrogen  peroxide 
service  should  be  kept  at  a  minimum,  and  avoided  completely  if  possible. 

Only  the  fluorlnated  hydrocarbons,  which  are  a’rallable 
in  both  oils  and  greases,  are  sufficiently  compatible  to  be  used  with  hydrogen 
peroxide.  However,  even  these  are  not  entirely  satisfactory  since  they  do  not 
have  good  lubricating  properties  and  are  corrosive  to  aluminum.  Moreover, 
detonating  reactions  have  occurred  without  any  hydrogen  peroxide  being  preset' 
where  heat  developed  when  these  materials  were  in  contact  with  aluminum. 
Tiierefore,  pumps  sealed  with  packing  and  using  one  of  these  lubricants  should*^ 
equipped  with  stainless-steel  shafts  and  not  with  aluminum  shafts. 

Fluorlnated  hydrocarbon  lubricants  could  also  react 
j  concentrated  hydrogen  peroxide,  particularly  in  the  presence  of  organic 
(i  erlals,  if  enough  heat  or  force  were  applied  to  the  mixtures.  Tests  to 
jat.-  are  Inconclusive  in  this  respect. 

4.  List  of  Equipment  Suppliers 

Equipment  which  has  been  discussed  in  the  foregoing  sections 
may  be  obtained  from  the  suppliers  listed  below.  Although  equipment  furnished 
by  these  suppliers  has  in  general  been  found  satisfactory,  the  list  is  by 
no  means  all-inclusive,  and  no  inference  is  Intended  that  similar  competitive 
equipment  or  material  is  unsatisfactory. 

a.  General  Fabricators  and  Suppliers 


Avlns  Fabricating  Co.,  Inc. 
Tonawanda,  Hew  York 


/ 
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B.  C.  Cole  Manufacturing  Co. 

Newnan,  Georgia 

Schwabel  Fabricating  Co.,  Inc. 

North  Tonavanda,  New  York 

Pipe  and  Fittings 

Adam  Metal  Supply 

New  York,  New  York  and  Elizabeth,  New  Jersey 

Ducotmnun  Metals  and  Supply  Co. 

Berkeley,  Los  Angeles  and  San  Diego,  California; 

Phoenix,  Arizona 

Edgecomb  Steel  Co. 

Milford,  Connecticut;  Nashua,  New  Hampshire;  Charlotte, 
North  Carolina;  Philadelphia  and  York,  Pennsylvania; 
Slatersvllle,  Rhode  Island 

Metal  Goods  Corp. 

Denver,  Colorado;  Wichita,  Kansas;  New  Orleans, 

'  Louisiana;  St.  Louis  and  North  Kansas  City,  Missouri; 
Tulsa,  Oklahoma;  Memphis,  Tennessee;  Dallas  and  Houston, 
Texas 

Pacific  Metals  Co. 

San  Francisco,  California;  Boise,  Idaho;  Portland, 
Oregon;  Salt  Lake  City,  Utah;  Seattle,  Washington 

Steel  Sales  Corp. 

Minneapolis,  Minnesota;  St.  Louis,  Missouri; 

Milwaukee,  Wisconsin 

The  J.  M.  !^11  Metal  and  Supply  Co-,  Inc. 

Birmingham,  Alabama;  Jacksonville,  Miami  and 
Taiiipa,  Florida;  Atlanta,  Georgia 

Whitehead  Metals,  Inc. 

Windsor,  Connecticut;  Baltimore,  I^ryland;  Cambridge, 
ilassachusetts;  Harrison,  New  Jersey,  Buffalo  and 
Syracuse,  New  York;  Philadelphia,  Pennsylvania 

Williams  &  Co.,  Inc. 

Louisville,  Kentucky;  Cincinnati,  Cleveland,  Columbus, 
and  Toledo,  Ohio;  Pittsburgh,  Pennsylvania 
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e.  Valves 

Crane  Valve  Co. 

Chleago>  Illinois 

Hoke,  Inc. 

Cressklll^  Kew  Jersey 

Jaaesbury  Corp. 

Worcester^  tr^ssacbusetts 

Baelflc  Valve  Company 
Long  Beach,  California 

d.  Pusps 

Byron-Jackson  Cocpany 
Los  Angeles,  California 

Chenpinsp  Biv.  of  Fostorla  Corp. 

Buntlngdon  Valley,  Pennsylvania 

Eco  Engineering  Company 
Kewark,  Sew  Jersey 

La  Bour  Cospany 
Elkhart,  Indiana 

Worthington  Corp. 

Barrlson,  Kev  Jersey 

e.  Ejectors 

Penberthy  t^nufacturing  Cospany 
Detroit,  Mchigan 

Schutte  aid  Koerting  C.  ipany 
Cornwells  Ballots,  ^eunsylvsnla 

f .  Sacple  Thiers 

V  &  V  Kanufacturlng  Cospany 
P.  0.  Box  93U 
Chicago  90,  Illinois 

Kote; 

The  following  ef^alpmant  is  reccnaendsd:  Kcdel  "D" 
Golden  Thief,  aluzlcua  body,  &3  era  bottle  cap,  with 
sped 'I  3/8"  OD  X  l/l6"  «ill  x  (specify  length) 
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!^gon  No*  R36oIiA  tubio^  for  use  «lth  esaeostrated 
hydrogen  peroxide.  Since  It  is  Icportast  that  only 
this  apeclal  tubing  be  used  in  this  BQrries,  the  brand 
number  on  the  tubing  should  be  checked  upon  receipt. 

g.  Eose 

Aeroqulp  Corp. 

Jackson^  Michigan 

American  Metal  fose  Z)iv. 

American  Brass  Co. 

Materbury>  Connecticut 

Flezonlcs  Coxp. 
lfaywood>  Illinois 

Eevitt -Robins,  Inc. 

Buffalo,  Nev  York 

Pennsylvania  Flexible  Metallic  ^Lubing  Co. 

Philadelphia,  Pennsylvania 

Reslstoflex  Corp. 

Roseland,  New  Jersey 

Tlteflex,  Inc. 

Springfield,  Massachusetts 

h.  Gaskets 

Crane  lacking  Co. 

Chicago,  Illinois 

Oarlock  Packing  Co. 

Balmyra,  New  YcA 

B.  F.  Goodrich  Co. 

Kirletta,  Ohio 

Eareul^s  Rubber  k  Gasket  Corp. 

Buffalo,  Nov  York 

feybestos -Manhattan,  Inc. 

Phssaic,  New  Jersey 

tMted  States  Gasket  Co. 

Cat^a,  New  Jersey 
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Uhl ted  States  Stonevare  Co. 

Akron,  Ohio 

1.  Lubricants 

Ealocarbon  Products  Co. 

Hackeneack,  Nev  Jersey 

Booker  ELectroehendcal  Co. 

Blagara  fhlls,  Hev  York 

C.  COSoTaUCTICST  JiMSSIALS 

Proper  selection  of  materials  for  bandllng  hydrogen  peroxide  is 
essential.  Contact  of  the  peroxide  vlth  ineos^tlble  metals  or  Incotrpatlble 
plasties  anywhere  In  the  storage  system  could  lead  to  dangerous  conditions. 
Bowever,  aluminum,  stainless  steel  of  the  300  series,  and  certain  other 
materials  have  only  slight  effects  on  the  stability  of  hydrogen  peroxide  and 
may  be  used  as  material  of  construction  (See  Appendix  III,  >Iaterlals 
Compatibility). 

In  selecting  materials  for  the  fabrication  of  hydrogen  peroxide 
equipment,  the  effect  of  the  peroxide  on  the  materials  is  of  considerably 
less  Importance  than  the  materials'  effect  on  the  peroxide,  nevertheless, 
this  chemical  does  attack  sany  materials,  and  the  effect  must  be  considered 
in  the  design  of  equipment.  Because  of  its  oxidizing  action,  hydrogen 
peroxide  rusts  iron  and  steel,  turns  natural  rubber  tacky,  and  can  cause 
elastomers  to  deteriorate,  bum,  or  become  impact-sensitive.  It  also 
furnishes  oxygen  and  beat  to  burn  combustible  materials.  !Ihe8e  factors  may 
result  in  operational  hazards  as  discussed  In  Appendix  V. 

Appendix  III  lists  materials  of  construction  that  have  been 
tested  for  concentrated  hydrogen  peroxide.  Because  construction  materials 
vary  widely  in  their  effects  on  hydrogen  peroxide,  a  standsird  method  of 
classification  has  been  established  that  rates  these  materials  according  to 
serylcsablllty.  The  method  of  classification  is  as  follows: 

• 

Class  1  -  Materials  that  are  fully  ccrpatible  with  hydrogen 
peroxide  and  suitable  for  long-time  contact,  e.g., 
storage  equl^  ..nt. 

Class  2  -  Materials  that  are  satisfactory  for  repeated  short- 
time  contact  with  hydrogen  peroxide  prior  to  storage 
or  use.  Contact  tica  prior  to  storage  should  be 
short  and  should  not  exceed  four  hours  at  l6o*F  or 
one  week  at  70*7  prior  to  use. 

Class  3  **  l!atsrlals  that  era  satisfactory  for  ehort-tlBs  contact 
with  hydrogen  peroxide  prior  to  prompt  use.  Bo  one 
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period  of  contact  should  exceed  one  minute  at  l6o*F 
or  one  hour  at  70*F. 

Class  U  >  Materials  that  are  unsatisfactory  or  hazardous  for 
any  use  with  h^'drogen  peroxide. 

D.  DESIGSI  AND  FABKECATIOT  OP  HYDROGEN  PSTOXIDE  STORAGE  AND 

EANIEJNQ  EQUIPMENT 

1.  Introduction 

Proper  design  and  attention  to  careful  fabrication  by 
approved  techniques  are  next  In  isportance  to  the  proper  selection  of 
materials  of  construction.  Naturally^  both  considerations  affect  the  selec¬ 
tion  of  naterials.  The  time  spent  in  careful  development  of  tanh  and  equip¬ 
ment  design,  followed  by  frequent  cheeks  on  the  techniques  utilized  during 
fabricatlcu  of  the  tank  or  item  of  equipment,  will  generally  result  in  a 
product  that  can  be  passivated  most  easily  and  give  the  most  satisfactory 
service. 

2.  Design  Practices 

a.  General  Guidelines 

In  designing  an  item  of  equipment  for  hydrogen- 
peroxide  service,  the  following  general  guidelines  have  been  proven  to  be 
valuable: 

(1)  Stress  design  simplicity  in  each  coaponent  and 
use  a  minimum  number  of  system  components  to  met  service  requirements. 

Design  for  eas‘  disassembly  of  any  unit  into  its  coaponent  parts  for  passiva¬ 
tion  and  inspection. 

(2)  Ihe  decomposition  rate  of  hydrogen  peroxide  lA  a 
direct  function  of  the  surface  area  contacted;  therefore,  the  ratio  between 
metal  surface  and  hydrogen-peroxide  volume  should  be  minimized,  and  the 
surface  finish  should  be  as  smooth  as  possible.  If  the  hydrogen  peroxide  is 
to  be  stored  in  the  system  for  any  extended  period,  a  tank-to-system  isola¬ 
tion  rupture  disc  is  a  favorable  item  to  limit  the  E2O2  from  contacting  the 
high  surface-to-volume-ratlo  feed  lines  until  the  operating  period. 

(3)  In  designing  a  flow  system,  care  must  be  taken 
to  ensure  that  peroxide  can  never  be  traxped  without  a  vent  path  or  a  relief 
arrangement.  Hydrogen  peroxide  solutions  will  constantly  decompose  at  a 
slow  but  steady  rate  and,  if  coopletely  confined,  will  eventually  build  up 
sufficient  gas  pressure  to  cause  rupture.  Ball,  plug,  and  gate  valves  can 
trap  hydrogen  peroxide  when  closed.  If  one  of  these  types  of  valves  is  to 
be  used,  the  cavities  must  be  vented. 
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(4)  All  piping  systecs  and  lte!2S  of  equlpssnt, 
especially  valves  and  puiapsj  should  be  designed  for  complete  dralcaga  on 
shutdown.  This  can  be  accos^llshed  by  providing  easily  accessible  drain- 
cocks  at  the  low  points  and  by  placing  equipment  containing  dacs>  such  as 
soos  types  of  valves,  in  vertical  rather  than  horizontal  positions.  A 
piping  system  which  holds  peroxide  in  stagnant  pools,  even  it  properly 
vented,  nay  corrode  excessively  even  when  made  of  recommended  materials. 

(5)  Dead  ends  should  be  avoided.  Dead  ends  are  those 
places  which  could  be  filled  with  peroxide  without  permitting  adequate 
recirculation  of  the  fluid,  as,  for  Instance,  in  a  Bourdon  tube  pressure 
gage.  Ic^urltles  may  be  swept  into  the  dead  end  and  there  accumulate  until 
extensive  decomposition  of  the  peroxide  results.  If  dead  ends  cannot  be 
avoided,  they  should  be  placed  above  the  low  point  in  the  system  so  that  the 
peroxide  will  not  collect.  The  design  should  allow  proper  passivation  and 
inspection,  and  there  should  be  no  welds. 

(6)  Dissimilar  metals  in  contact  with  E2O2  show  a 
tendency  for  electrolytic  (galvanic)  corrosion  with  the  more  concentrated 
solutions;  even  with  90^  H2O2  the  aao.  of  dissimilar  metals  should  be  avoided. 
Insulating  one  metal  from  the  other  with  a  plastic  is  not  always  effective 
In  applications  where  Intermittent  wetting  occurs.  If  two  dissimilar  metals 
must  be  In  contact,  the  anodic  of  the  two  should  have  a  larger  surface  than 
the  cathodic.  In  the  case  of  aluminum  and  stainless  steel,  which  is  the 
combination  most  coinnonly  encountered,  sulfuric-acid  anodiutlon  and  a 
boiling-water  seal  of  the  aluminum  surface  may  reduce  the  possibility  of 
galvanic  corrosion. 


(7)  Threads  and  close  sliding  fits  should  be  minimized 
on  mating  parts  made  from  the  same  or  similar  taterlals.  Both  the  stainless 
steels  of  the  300  series  and  the  aluminum  alloys  cay  gall  or  sieze  when  mated 
with  themselves.  Thus,  flanged  connections  are  preferred  to  threaded  ones. 
Bhrdened  materials  su(^  as  hard-coat  aluminum,  322  stainless  steel,  or  pre¬ 
cipitation  hardened  stainless  steel  alloys  cay  be  used  for  such  service,  but 
experience  with  these  materials  is  limited.  If  a  design  requires  mating 
parts,  recommended  lubricants  and  thread  compounds  should  be  used. 

(8)  Low-pressure  transfer  systems  cade  of  aluminum 
with  minor  amounts  of  stainless  steel  (such  as  in  pump  shafts)  have  been  used 
most  extensively  with  satisfactory  results.  Use  of  various  aluminum  alloys 
in  one  system  does  not  appear  to  result  in  abnormal  corrosion  of  any  of  the 
alloys,  but  IO60  or  1260  aluminum  should  be  esployed  wherever  possible. 

b.  Storage  Tank  Design  Practices 

In  addition  to  tbs  general  guidelines  presented  in 
the  preceding  section,  several  design  practices  directly  applicable  to 
storage-tank  design  have  evolved.  These  are  described  below. 
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All  t;:.r!ic£  which  wiJl  convil  hydrogen  peroxide  shall 
be  capable  of  being  vented,  'itorfge  tanivS  inus+  have  i  filte'»*3d  vent  which 
oatnot  be  inadvertent:,  closed.  Ir  possiH  a  top  opening  <‘f  at  least 
l8-ln.  dlaseter  should  be  provldac  f  r  clf.anlng  and  inspectltii.  No  tank 
should  have  a  smaller  than  ^-in.-d^a  opening  for  cleaning  and  tasslvatlon. 

!rbe  large  opening  of  storage  tanks  should  be  fitted  with  a  floating  nanhole 
cover  designed  to  ke^-j  zvt  dirt  tut  free  to  relieve  any  pressote  that  might 
build  up  in  the  tank.  A  do  i  of  ;  his  ■  '/pe  :iiay  prevent  a  pressure  rupture  by 
providing  an  emergency  vent  in  c^L  of  contamination  of  the  hydrogen  peroxide. 
It  has  been  demonstrated  in  too  tests  that  a  3-l/2-  to  h-ln.-dla  opening  will 
prevent  positive  pressure  build-up  in  a  30-gal  drum  containing  ^-5  gal  of 
purposely  highly  contaminated  90?^  so  that  the  H2O2  decomposed  to  dryness 
in  about  2  hr.  However,  for  larger  vessels  it  is  probably  liapractlcal  to 
have  a  manhole  large  enough  to  guarantee  complete  relief  of  pressure  build¬ 
up  from  a  self -heating  decoKposlclon  of  concentrated  hydrogen  peroxide. 

To  avoid  possible  leaks,  storage  tanks  should  have  no 
bottom  connectlo-is.  The  contents  should  be  withdrawn  from  the  top  through  a 
dip-pipe  which  extends  to  the  bottom  of  the  tank  into  a  shallow  snap  formed 
in  the  shell.  Gage  glasses  with  valved  bottom  connections  are  generally 
used  on  storage  tanks  In  use  with  hydrogen  peroxide.  In  special  Instances 
bottom  outlets  have  been  utilized  on  90^  ^^2  storage  tanks,  but  this 
practice  is  strongly  discouraged.  Processing  or  hold  tanks,  which  will 
contaln^Jiydrogen  peroxide  for  only  a  limited  tloe^  generally  have  bottom 
■— — uutrlet  s . 


A  temperature-monitoring  device  should  be  Included  in 
storage-tank  design.  A  survey  device,  which  will  Indicate  hot  spots  as  well 
as  average  Increase  In  hydrogen  peroxide  temperature.  Is  the  most  desirable; 
however,  thermometer  bulbs  Inserted  In  wells  e:d;endlng  Into  the  tank  or 
fastened  to  the  outside  of  the  tank  below  the  norsal  liquid  level  and  com¬ 
mercial  button-type  surface  pyrometers  may  also  be  used.  Indicators  and/or 
recorders  should  be  used  for  maintaining  storage-tank  surveillance  by 
providing  continuous  monitoring  of  both  the  tenk  and  ambient  tesperatures. 

An  audio-visual  signal  should  also  be  provided  to  give  warning  at  unusually 
high  tank  temperature. 

c.  Stainless  Steel  Tankage  Experience 
and  Design  Practices 

The  hydrogen-peroxide  tankage  used  In  rocket  t'jst 
facilities  and  certain  other  applications  are  often  fabricated  from  stain¬ 
less  steels  rather  than  aluminum.  In  the  design  of  stainless  steel  tankage, 
several  praoclees  (in  addition  to  those  given  in  the  two  preceding  sections) 
and  the  experience  with  various  stainless  steels  should  be  taken  into  con¬ 
sideration. 


Various  300-serles  stainless-steel  alloys  are  used 
in  fabricating  high-pressure  hydrogen-peroxide  tanks.  Stainless  Steel  3^7 
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has  been  used  with  excellent  results.  This  alloy  contains  a  veld  stabilizer 
that  ensures  a  sound  veld  and  elltalnates  the  need  for  annealing.  Lcw>carbon 
30U  316  L,  and  321  stainless-steel  alloys  are  also  used  In  such  applica¬ 

tions. 

AM  350  and  355  stainless  steels  have  been  used  success¬ 
fully  In  high-pressure  or  light-weight  tankage.  Precipitation  hardened  17-7 
stainless  steel  has  been  used  successfully  In  76  and  9^  hydrogen  peroxide 
systems;  however,  this  material  Is  more  difficult  to  passivate  than  A£!-350 
when  used  in  90  and  93^  peroxide  systems.  All  these  materials  offer  yield 
strengths  of  about  l60,000  psi.  Precipitation-hardened  alloys  should  be 
stress-relieved  if  the  electron-beam  welding  technique  was  not  eu^loyed. 

!Ihe  cryogenlcally  prestrained  3OI  stainless  steel  offers  excellent  ccapatl- 
blllty  with  90  and  98j5  hydrogen  peroxide.  The  high  strength  of  this  material 
(260,000  psl  yield)  favors  Its  use  for  peroxide  tankage  In  flight  vehicles 
and  for  high-pressure  applications. 

The  following  are  recommended  guidelines  for  the 
designing  of  stainless  steel  tanks  (see  also  the  two  preceding  sections): 

'  (1)  Resign  the  tank  with  sufficient  capacity  so  that 

the  height  of  the  hydrogen-peroxide  level  Is  below  the  head-attachment  weld 
whenever  possible. 

(2)  Use  brlght-finish  stainless  steel  plate  free 

from  markings. 

d.  Stainless-Steel  Casting  Design 

The  casting  of  stainless  steel  In  the  norml  manner 
may  be  unsatisfactory  for  hydrogen-peroxide  service  even  If  made  of  300- 
serles  alloys,  which  are  Class  2  In  the  wxvught  or  forged  form.  To  Improve 
the  compatibility  of  cast  stainless  steel,  the  following  Is  recosssnded. 

Stress  design  slr^liclty.  Dead-end  cores  are 
undesirable.  Uie  mold  gates  should  be  located  so  tint  the  slag  will  float 
away  from  surfaces  which  will  contact  the  hydrogen  peroxide.  If  at  all 
j>osslble,  provide  for  machining  or  grinding  of  all  surfaces  that  will  be 
In  contact  with  the  hydrogen  peroxide.  Avoid  sharp  comers,  hidden  areas, 
and  any  configuration  conducive  to  casting  defects.  Type  3^3  stainless 
steel  Is  the  preferred  alloy  and  should  have  less  than  0.10J&  carbon  In  the 
finished  casting. 
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3.  Fabrication  Practices 


a.  General  Practices 

(1)  Welding  Alttminuffl  Alloys 

Alrooatle  or  Slgtra-process  autocatlc  inert-gas 
welding,  enrploylng  300  series  stainless-steel  electrode  tip  cups,  is 
recommended.  Eellarc  inert-gas  welding  bas  been  used  satisfactorily,  but 
does  have  the  disadvantage  of  sputtering  tungsten  from  the  electrode  into 
the  weld  upon  initiation  and  termination  of  the  arc.  !Ihls  condition  can 
be  eliminated  by  striking  the  arc  on  a  separate  piece  of  the  material  and 
carrying  th:  r.r?  the  work  and  cut  again  upon  the  strike  plates.  Only 
thorlated  tungsten  electrodes  and  stainless-steel  electrode  tip  cups  should 
be  used.  The  metal-arc  process  of  welding  is  not  recommended  because  the 
resulting  welds  are  porous  and  brittle.  However,  aluminum  tank  supports, 
brackets,  and  similar  items  can  be  fabricated  with  this  technique.  Oxygen- 
acetylene  gas  welding  should  be  used  only  in  fabricating  thin  sections  such 
as  tubing. 


The  aluminum  welding  rod  should  be  of  the  same 
alloy  as  the  parent  material.  If  dissimilar  alloys  are  to  be  Joined,  the 
welding  rod  should  have  the  composition  of  the  harder  alloy.  The  standard 
6^  silicon  and  h3S  rods  are  unsuitable  for  use  in  fabricating  hydrogen 
peroxide  tankage  and  components. 

Welding  should  be  done  only  by  experienced  and 
practiced  welders.  Chipping  and  reweldlng  should  be  done  only  if  absolutely 
necessary. 


(2)  Welding  300-Serles  Stainless  Steels 

Inert-gas  and  metal-arc  welding  processes  are 
satisfactory.  The  inert-gas  process  is  preferred  because  the  inert-gas 
blanket  results  in  a  weld  much  freer  of  foreign  naterial.  In  general, 
thorlated  tungsten  electrodes  are  used.  Standard  procedures  for  both  of 
these  processes  should  be  used.  For  hydrogen  peroxide  service,  it  is 
necessary  that  all  welds  he  of  high  quality,  smooth,  homogeneous,  and  free 
of  inclusions  and  blowholes.  Carbide  precipitation  during  welding  must  be 
avoided  by  the  use  of  stabilized  alloys  (e.g.,  3^7  and  321)  or  extra-low 
carbon  alloys  (30^^  L  or  h).  Interior  welds  and  weld  spatter  should 
be  machined  or  ground  smooth.  IXirlng  cleaning  and  passivation,  special 
attention  should  be  given  to  stainless-steel  welds. 

(3)  Brushing  and  Grinding 

Internal  aluminum  welds  should  not  be  wire- 
brushed  or  machined  because  impurities  may  be  introduced.  However,  in  sobs 
Instances,  wire  brushing  cmy  be  required.  In  such  a  case,  a  30O  series 
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stainless  steel  brush  shall  be  used  and  brushing  shall  be  confined  to  the 
Imnedlate  veld  area. 


The  flux  and  carbon  on  stainless-steel  velds 
shall  be  cleaned  from  velded  areas  by  a  300”serles  stainless-steel  vlre 
brush.  Any  inclusions  remaining  shall  be  ground  out.  A  clean,  vhlte 
aluminum-oxide  abrasive  is  recommended  for  the  grinding  of  cast  surfaces, 
velds,  and  veld  spatter  on  surfaces  that  viU  contact  concentrated  hydrogen 
peroxide.  Carborundum  is  not  recommended  because  the  iron  in  the  carborundum 
Is  a  catalyst  for  hydrogen-peroxide  decomposition. 

(4)  Polishing 

Mechanical  polishing  of  aluminum  alloys  is  not 
advisable  because  of  the  possibility  of  Introducing  incompatible  materials 
vhich  could  cause  deconiKSsItlon  of  the  hydrogen  peroxide.  Electrochemical 
polishing  (anodization)  of  aluminum  is  discussed  in  Section  £,  9* 

In  general,  polishing  of  stainless  steels  is  not 
necessary  but,  in  certain  borderline  cases,  can  is^irove  the  con^satibllity  of 
the  metal  vlth  the  hydrogen  peroxide  by  smoothing  the  surface.  For  mechanical 
polishing,  use  vet  or  dry  paper  vlth  a  kerosene  lubricant.  In  general, 
increasing  the  smoothness  of  the  surface  vl]l  decrease  the  race  of  hydrogen- 
peroxide  decon^sltion. 


Electro-polishing  of  stainless  steel  lB5;roves  the 
steel  for  hydrogen-peroxide  service.  For  routine  hydrogen-peroxide  applica¬ 
tions,  electropolishing  is  not  required  because  stainless  steel  is  rormally 
recommended  only  for  limited  contact  time.  For  special  applications, 
electropolishing  of  stainless  steel  might  be  Justified.  In  such  cases, 
standard  electropolishing  techniques  should  be  used. 

(5)  Sandblasting 

Sandblasting  is  not  recommended  because  it 
produces  a  porous  or  pitted  surface.  Bough  surfaces  decrease  the  cos^sati- 
billty  of  hydrogen  peroxide  vlth  materials  of  construction. 

(6)  Metallizing  (Sprayed  Metal  Coatings) 

Metallizing  is  not  suitable  in  preparing  surfaces 
for  hydrogen  peroxide  service  because  the  hydrogen  peroxide  may  seep 
behind  the  metallized  coating  or  an  exposed  edge  and  may  cause  the  coating 
to  blister. 


(7)  Casting  Stainless  Steel 

The  follovlng  steps  should  be  folloved  in 

stainless-steel  casting. 
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Place  mold  In  such  a  position  that  tha  «Lag 
floats  to  surfaeas  vhich  will  not  contact  the  hydrogen  peroxide.  Cast  with 
8  very  hot  melt,  adding  excess  of  constituents  which  might  bum-out  at  the 
casting  temperature.  Reject  castings  if  there  are  surface  defects  which 
necessitate  repair  by  welding.  Grind  out  email  surface  cracka  or  inclusions. 
Heat-treat  castings  by  soaking  at  a  temperature  above  IJOO'F  in  a  reducing 
atmosphere  for  1  hour  per  inch  of  thickness  at  maximum  section.  Water-  or 
oil-quench.  Proper  heat  treatment  is  of  vital  laportance  because  it  Is 
essential  that  all  carbides  be  retained  in  solution.  If  at  all  possible, 
machine  or  grind  all  surfaces  that  will  contact  hydrogen  peroxide. 

(o)  Machining  Alij^rlum  and  Stainless  Steel 

Standard  g6^  practice  for  machining  of  metal 
parts  will  be  used.  A  smooth  mac^ne  finish  is  important  because  smooth 
finishes  minimize  hydrogen-per^xfde  decomposition. 

(9)  .-'Other  Techniques 

y  Fabricating  techniques,  other  than  those 
previously  discussed,  should  not  be  used.  Techrdques,  such  as  silver  or 
soft  8olderlng,/brazlng,  and  the  like,  can  ruin  a  part  for  hydrogen  peroxide 
servloes  and^,^n  lead  to  dangerous  conditions. 


b.  Fabrication  of  Aluminum  Storage  Tanks 

Fabrication  of  aluminum  (1060,  1260,  or  525^)  storage 
^^tanks  requires  utmost  care  and  attention  to  recommended  procedures  because 
the  alloys  are  soft,  easily  damaged  or  contaminated  and  because  a  high 
degree  of  conpatlbllity  is  normally  required.  The  recommended  fabrication 
procedures  are  given  below. 


Examine  the  plate  material  for  marks,  metal  incisions, 
and  eaibedded  particles.  Remove  these  before  starting  fabrication.  Prior  to 
forming  the  aluminum  plates,  the  steel  rolls  or  press  form  faces  should  be 
covered  with  heavy  kraft  paper,  leather,  or  equivalent  or,  altematl-ely,  the 
aluminum  plate  may  be  covered  with  heavy  kraft  pajjer  with  adhesive  '•  eking 
to  hold  it  to  the  metal  surface.  During  handling  and  fabrication,  re  should 
be  continuously  exercised  to  prevent  contact  of  the  aluminum  surfa-  with  iron 
or  steel  or  marring  by  any  foreign  material  or  object.  Re-examine  he  inner 
surfaces  after  forming  to  ensure  that  no  damage  has  occurred.  Mount  the 
tank  section  for  welding  and  veld  according  to  the  guidelines  presented  In 
the  preceding  section. 


Butt-welding  from  inside  and  outside  is  recocsended 
because  lap  velds  offer  the  possibility  of  collecting  dirt  in  the  cracks. 
During  welding  and  fabrication,  concerted  efforts  should  bo  rade  to  prevent 
the  Inclusion  of  foreign  materials  into  the  aluminum.  This  can  be  accca- 
pllshed  in  a  marked  degree  If  the  fabricators  wear  soft  gum  rubber  shoes  and 
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cover  the  area  vith  heavy  kraft  or  pspcr.  Caro  e!::u24  ho 

exercised  durlcg  weldicg  to  ensure  prcjor  fuslns  of  the  c^tsraal  erJ  Ictersal 
velds.  Gas  pockets  and  other  Inslusicss  should  be  hold  to  a  Elclcu3<. 
Inelusfbns  that  do  occur  should  not  be  chipped  cut  unless  ^hsy  aro  at  er  near 
the  Internal  surface. 


After  veldlr^,  nothing  nsed  be  done  .  ileaa  and  pollch 
the  velds  prior  to  passivation,  i^^rlenea  has  ahevn  that  W.  ctazlcsl 
cleaning  during  passivation  la  the  ^at  reliable  fisons  of  pre^"  -*lc3  a  goed 
veld  for  hydrogen-peroxide  storage  lervlea. 


e.  Fabrication  of  Stainless-Steel 


In  addition  to  the  gacaral  practices  described  In 
Paragraph  a,  above,  several  core  specific  guldoHcea  shsuld  be  ecsnldsrcd 
In  fabricating  stainless  steel  tatjks.  Ihssa  are  presented  belov. 


Use  clean  rolling  equlpssnt.  Sink  sections  should  be 
from  brlgbt-flnlsb  plate  and  free  from  mrkiegs.  Esad-ferdng  dies  should 
be  rust-free  and  smooth.  Use  Eellare  or  electron-beam  voiding  and  be  sure 
all  velds  are.  free  of  Inclusions.  Essove  all  veld  scale  and  veld  splatters 
by  brushing  a^  grinding  as  described  In  Paragraph  a.  It  Is  often  advleable 
to  degrease  am  passivate  the  tank  head  and  bottom  closures  prior  to  fabrica¬ 
tion.  This  eliminates  seme  difficult  passivations. 

E.  PRSPARaTICSr  OP  KATSSIALS  ASU  EgTIKgST 
FOR  EIUBOGi:^  PZEOnUE 


1.  Introduction 

Surfaces  that  eos»  In  contact  vltb  hydrogen  peroxide  must 
be  specially  treated  prior  to  use  to  prevent  deccioposltlon  of  the  hydrogen 
peroxide.  The  process  vhlch  makes  the  surface  Inactive  Is  knovn  as  passiva¬ 
tion. 


Passivation  consists  of  treating  metal  surfaces  vlth  acids 
or  other  chemicals  to  fona  an  oxide  fUa  on  the  surface  of  the  metal.  The. 
hydregen  peroxide  helps  to  maintain  this  oxide  film.  The  film  between  the* 
hydrogen  -peraslda  and  the  metal  surface  prevents  attack  by  the  hj^drogen 
peroxide  end  reduces  the  effect  of  the  metal  on  the  decomposition  rate  of 
the  hydrogen  peroxide.  After  passivation,  conditioning  of  the  surface  vlth 
hydrogen  peroxide  tends  to  render  the  surface  more  Inert.  QSils  Improvement 
continues  vlth  use  In  E2O2  service  provided  no  foreign  material  contacts  the 
surface. 


2.  Cletnlng  and  Pteslvatlon  Areas 

An  area  vhlch  can  be  kept  clean  and  frte  of  combustibles 
should  be  reserved  for  the  cleaning  and  passivation  of  e^uipsant.  The 
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precautions  for  handling  hydrogen  peroxide  vere  listed  in  Section  B. 
Additional  requiressnts  for  use  of  passivating  solutions  are: 

a.  Good  ventilation  to  carry  off  solvent  and  acid  hnsss. 
Hoods  vith  suction  flans  should  be  Installed  where  possible. 

b.  Suitable  protective  clothing;  the  nlnlcaia  garb  should 
consist  of  a  face  shield  or  goggles^  rubber  (acid-resistant)  gloves,  rubbers, 
and  an  apron. 

c.  Vkrlous  sized  polyethylene  beahers  should  be  provided 
for  the  treatisent  of  scall  parts.  These  beakers  are  resistant  to  all  the 
reagents  used  in  the  "pickling"  and  passivation  procedures. 

Glass  beakers  can  be  substituted  for  all  but  the  hydro- 
fluorle-nltrlc  solution,  but  they  can  be  broken  easily.  The  polyethylene 
beakers  must  not  be  used  for  conditioning  or  surveillance  tests  with  B^2 
unless  they  are  in  turn  licsersed  in  water. 


Cleaning  and  Passivation  Solutions 


required: 


The  following  cleaning  and  passivating  solutions  are 


a.  Detergent 


A  1^  ablution  of  a  powdered  cosaerclal  detergent  such 
as  Dreft,  Nacconal,  Tide,  or  Lwerl;  or  a  liquid  such  as  Kyro-BO  shall  be  used 
for  cleaning  equipment  and  glassware.  Do  not  use  a  strong  alkaline  cleaning 
solution. 


b.  Trichloroethylene  or  Perchloroetbylene  - 
Coraserclal  Grade 


These  solvents  are  used  for  degreasing  metal  equipment 
ihlch  is  heavily  soiled  or  very  greasy. 

e.  Sodium  Hydroxide  (HaOH)  Solution  (Approx.  l/l5  N) 
0.25^  by  Weight 

This  solution  is  used  for  cleaning  aluminum  equipment. 
A  supply  Bust  be  available  at  all  times. 

d.  Sodium  Hydroxide  (NaOH)  Solution,  10^  by  Weight 

This  solution  is  used  for  cleaning  glassware  which  is 
heavily  soiled  or  has  contained  an  unknown  solution. 
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e.  Sulfuric  Add  35^  by  Vsi^t 

Ibis  solution  Is  used  for  passivating 
Suffident  solution  shall  be  available  at  all  titiss. 

f.  Sltrie  Add,  42*  Rauss  (Approx.  70^  by  Vsicht) 

Ibis  add  is  used  for  passivating  stainless-steel 
equlpoent.  It  should  be  kept  on  hand,  stored  in  the  containers  la  vhlch  it 
is  received. 

g.  Hltrlc  Add,  35^  by  freight 

This  add  is  used  for  passivating  aludnusi  e^uipcant. 

h.  Sydrogen  Peroxide  Solution,  35^  (Stabilised) 

This  solution  is  used,  as  recdved,  frca  the  c:anufaeturer 
to  "condition"  dzuas  and  tanks  after  passivation.'  If  diluted  9C^  £2^2  c^ist  be 
used,  a  stabiliser  should  be  added  to  the  dilute  E2O2  and  the  pH  of  the  solu¬ 
tion  adjusted.  Dilution  water  saist  be  distilled  or  de-ionized. 

I.  Clean  Potable  Water 

This  is  drinking  water  and  is  used  for  rinsing  parts 

during  passivation. 

J.  Fresh  Distilled  or  Deionised  Water 

Ibis  water  is  used  for  rinsing  parts  after  passivation. 

It  gust  not  be  stored  in  aluzalnua  for  periods  longer  than  cos  week  prior  to 
or  during  use. 

k.  Bydrofluorie  Acid  -  Rltrlc  Acid  ISLxture,  3ja-lC^ 

(Respectively) 

Ibis  dxture  is  used  for  pickling  and  elcaiilcg  stain¬ 
less  steel  when  rust  or  other  surface  eonta::lEatioa  exists  which  cannot  be 
reaoved  by  the  passivating  acid  alone. 

4.  Preraratica  of  Cleantr?^  and  P5.9siv5tlca  golutlens 

a.  Detergent  Solutions 

A  1^  solution  of  a  ecznnrclal  dotergsnt  stall  be 
prepared  by  dlcsolrtng  1  part  by  weight  of  detergont  in  S9  parts  by  wslght 
of  potable  water,  at  roca  terpersture. 
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b.  Sodiua  Sydroslde  (i:!aC3}  Solution,  0.25^  by  Vsl^t 


Dissolve  10  ^  of  finked  or  pelleted  sodiua  faydronlde 
(99+^)  iQ  about  1  gal  of  clean  i>otable  vater,  as  follows; 

(1)  Slowly  dissolve  the  sodlua  hydroslde  In  l/2  gal 
of  water  with  constant  stirring.  Beat  will  be  given  off  during  this  opera¬ 
tion. 

(2)  Dilute  this  solution  with  water  to  a  total  voluse 
of  1  gal  and  nlz  thoroughly. 

![he  solution  can  be  prepared  In  a  large  -pyrex  beaker 
and  stored  In  a  clean  polyethylene  container. 

c.  SodluQ  Hydroxide  (Ba^)  Solution,  10^  by  Vel^t 

Dissolve  10  parts  by  weight  of  sodium  hydroxide,  99^ 
flaked  .or  pellets.  In  90  parts  by  weight  of  distilled  or  deionized  water. 

&at  ^xll  be  given  off  during  this  nixing.  The  solution  can  be  prepared  In 
a  large  pyrex  beaker  end  stored  In  a  polyethylene  or  other  suitable  container. 

d.  Sulfuric  Acid,  33^  by  Weight 

Add  slowly,  while  stirring  constantly,  1  voluee  of 
(approximately  95^)  sulfuric  acid,  to  3  voluaes  of  clean  potable  water. 

Heat  will  be  given  off  when  nixing  the  solution.  Do  not  inhale  fuses. 

Always  add  acid  to  water. 

If  a  large  quantity  Is  to  be  cade,  add  the  acid  to  the 
water  very  slowly  to  prevent  overheating  the  container.  If  running  water  is 
available,  place  the  beaker  in  a  water  bath  to  dissipate  the  heat.  If  nixing 
Is  done  In  a  glass  container,  be  careful  tint  the  glass  does  not  crack. 

i&ZEple  of  dilution  quantities; 

Acid  -  1  quart  95^ 

Water  -  3  quarts 

e.  Bltrlc  Add,  355S  by  Weight 

Add  slowly,  while  stirring,  1  volunn  of  nitric  acid 
(epproxlcately  7C^)  to  I  volume  of  clean  potable  water.  Either  standard 
or  technical -grade  acid  can  be  used.  Do  not  Inlale  the  fumes.  Always  add 
acid  to  w-at^r.  Emr:pla  of  dilution  quantities  for  5  gal  of  35^  by  weight 
nitric  acid; 

Eltrlc  add  (7C^)  -  2-1/2  gal 

Hater  -  2-1/2  gal 
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f.  3  Vt  ^  ^drofluorle  Acid  and  10  Vt  ^  Hitrle  Add 

Add  slowly,  and  with  eonatast  stirring,  1  volurs  of 
hydrofluoric  add  (approxlrately  5^)  and  2  voluses  of  nitric  add  (7^^)  to 
16  voluBss  of  clean,  potable  water.  Use  extress  care  In  handllc3  hydro¬ 
fluoric  add.  Exas^le  of  dilution  qmntlties  required  for  a  lO-gal  solution 
of  hydrofluoric  add  and  10^  dtdc  add: 

hydrofluoric  add  (^2^)  -  2  qt 

Hltrlc  add  (70?^)  -  1  gal 

Water  -  8  gal 

5.  Storage  Containers  for  deads'^  and  Passivation  Solutions 

The  cleaning  and  passivation  solutions  Bust  be  stored  In 
proper  containers.  The  type  of  equipment  required  for  storing  these  solu¬ 
tions  is  listed  below. 


a.  Detergent  Solution 

Use  a  non-rusting  container,  preferably  one  that  can 
be  heated  to  120 *F  (49*C).  A  Ud  should  be  provided  to  keep  out  dirt. 

b.  Trichloroethylene  and  Perchloroethylene 

Use  a  galvani zed-iron,  black-iron,  or  steel  container. 
The  entry  of  water  Into  the  chlorinated  solvent  rust  be  prevented  to  pre¬ 
clude  the  fonmtlon  of  adds  and  subsequent  corrosion  of  the  container.  A 
Ud  or  closure  should  be  provided  to  keep  out  dirt  and  to  prevent  the  solvent 
fumes  from  escaping. 

c.  Sodium  Hydroxide  Solution 

Use  a  stainless  steel  drum  or  polyethylene  container 
which  has  been  predously  washed  with  a  detergent  solution  and  rinsed  with 
clean  potable  water. 

d.  Sulfuric  Add 

Use  a  polyethylene  or  polyethylene-Uned  container  or 
the  glass  carboys  in  which  the  acid  Is  received.  A  Ud  must  be  provided  for 
out-of-doors  rtozags.  Heated  storage  say  be  necessary  depending  on  the 
concentration  of  the  add  and  the  winter  temperature  of  the  locaUty  where 
stored. 
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e.  Rltrle  Add 

Use  a  polyethylene-Uned  or  an  AISI  300-serles 
stainless-steel  container.  Provide  a  Ud  to  keep  out  dirt  and  to  confine 
the  acid  fuses. 

f .  U/drogen  Peroxide,  35^ 

Use  a  pure-aluolnua  (1050},  alunlnum-alloy  (5^52  or 
525^),  or  polyethylene  container.  Ibis  container  cust  be  vented  at  all  tlces, 
and  the  vent  line  must  be  provided  with  a  porous  stone  filter  or  plastic  vent 
to  keep  out  dust  or  dirt.  A  hydrogen  peroxide  shipping  drum  is  a  convenient 
container;  however,  when  hydrogen  peroxide  is  once  removed,  do  not  return  the 
peroxide  to  the  original  drua  or  container. 

g.  Potable  liEater,  Distilled  Vater,  or  Deionized  Water 

I  Use  a  non-rusting  container  or  piping  system.  (Avoid 

copper  lines  and  copper  equipment.)  Keep  storage  tine  to  a  minimum, 
preferably  less  than  one  week. 

h.  Mixture  of  Hydrofluoric  Acid  and  Hltrle  Acid 

Use  a  polyethylene-lined  container.  Provide  a  lid  to 
keep  out  dirt  and  confine  the  acid  fumes. 

6.  Rissivation  of  Aluminum  Parts 

It  is  recommended  that  aluminum  and  aluminum-alloy  parts 
and  valves  be  treated  as  follows: 

a.  Degrease  by  agitating  in  a  1^  detergent  solution. 

Scrub  with  a  brush.  ISie  solution  slall  be  warned  to  about  120®P  (l9*C)  end 
should  either  be  puEq>ed  through  the  tubing  and  piping  or  the  parts  containing 
the  solution  should  be  agitated. 

b.  Rinse  well  with  potable  water.  All  subsequent  handling 
shall  be  done  with  gloved  hands  or  clean  toz:gs. 

c.  Immerse  or  fill  the  part  with  0.25^  sodium  hydroxide 
for  15  to  20  min  at  room  temperature.  Eamove  parts  and  rinse  in  potable 
water.  Hydrogen  gas  is  given  off.  Ho  smoking  or  open  flame  is  permitted 
within  25  ft  of  this  operation. 

d.  Immerse  or  fill  part  with  35^  nitric  acid  for  1  hr  at 

room  ter^rature. 

e.  Rinse  thoroughly  with  distilled  or  deionized  witer. 
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f .  Condition  the  part  vlth  hydrosen  peroxide  for  3  to 

U  hrs  and  note  th  rate  of  hydrosen-peroxide  deecsposltlon* 

(1)  Szsill  parts  should  he  Icsersed  in  hydrogen 
peroxide  solution  of  a  concentration  Identical  to  that  the  part  Is  to 
handle. 

(2)  large  parts,  sudi  as  valve  bodies,  tubing  or 
piping,  should  have  the  outlet  blanked  off  and  should  be  filled  vlth 
hydrogen-peroxide  solution  of  a  concentration  identical  to  that  the  pert 
is  to  handle. 


(3)  During  conditioning,  vatch  closely  for  heating. 

g.  If  excessive  deccmpositlon  is  observed,  i.e..  If 
many  bubbles  or  gas  streaaers  are  seen  or  if  heating  of  the  part  occurs, 
the  part  should  be  reaoved  frcsa  the  hydrogen  peroxide,  washed  with  water 
and  Inspected.  If  no  defect  can  be  found.  Steps  d,  e,  and  f  should  be 
repeated.  If  the  hydrogen  peroxide  continues  to  decoapose  excessively 
after  the  second  treatment,  the  part  should  be  rejected.  If  only  small 
areas  of  parts  may  acttially  come  in  contact  with  hydrogen  peroxide  In 
final  assembly,  apparent  activity  from  surfaces  not  normally  exposed 
should  not  be  cause  for  rejection. 

h.  Reject  any  parts  which  discolor  the  hydrogen  peroxide. 

I.  Remove  the  part  from  the  hydrogen  peroxide,  flush 
with  distilled  water,  end  Inspect.  Return  any  parts  which  show  blackening, 
rust  streaks,  or  signs  of  corrosion. 

Rote:  The  hydrogen  peroxide  used  for  conditioning  shoiild 
be  disposed  of  immediately  after  ccspletlon  of  this  operation.  Dilute 
'It  with  at  least  10  volumes  of  water  prior  to  discarding.  Since  it  may  be 
contaminated,  do  not  handle  this  in  a  system  that  will  be  used  for 
fresh  'B^2' 

J.  Small  parts  are  air-dried  or  oyen-dried  (if  no 
plastic  Inserts  are  present)  after  conditioning.  Keep  dust  and  dirt 
frcsn  the  parts  during  drying. 

k.  Reassemble  the  parts,  and  package  (see  Paragraph  l4). 

7.  Passivation  of  Aluminum  Tanks 


It  is  reccnmended  that  cdumlnum  tanks,  particularly 
storage  tanks,  be  treated  as  follows: 

a.  Degrease  by  washing  with  a  Vp  detergent  solution. 
Exceptionally  greasy  tanlas  should  be  degreased  first  with  trichloroethylene 
or  perchlorcethylcne  end  then  washed  with  the  detergent.  Rinse  thoroughly 
with  clean,  potable  water. 
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1).  PiEp  eleaa  potibla  \*at3r  Into  the  tcs^  end  fill  the 
t-ftwit  Bpprcodrately  ca«-hslf  full.  Riinp  or  peur  the  rcqulrod  nitric  field 
into  the  tanh  beln^  treated.  Fill  the  rsnalnder  of  the  task  vlth  clean 
potable  vater. 


c.  Use  the  quantities  eboi/n  In  the  foUewing  table: 

CXASTITiES  OF  ACW  Z'V)  fOf  WASR 

K)R  K!L£3jiV^-.3  ..  J 


Sank 

First  Water 

Final  Water 

Capacity, 

Addition, 

70^  ESOa, 

Addition, 

_gal 

gal 

eal 

gal 

100 

^5 

5 

50 

500 

225 

25 

250 

1,000 

4h9 

51 

500 

2,000 

698 

102 

1,000 

h,000 

1,796 

204 

2,000 

5,000 

2,2k5 

255 

2,500 

6,000 

2,694 

306 

3,000 

8,odo 

3,592 

408 

4,000 

The  resulting  solutions  are  epproxlcately  5li  nitric  acid. 

d.  Allow  the  acid  soli|tlon  to  renain  In  the  tank  for 
one  to  two  days.  Leave  all  nipples  and'"casholes  open  but.  If  the  tank  Is 
out-of-doors,  protect  the  tank  frea  dirt  by  covering  the  openings  with 
polyethylene  or  vinyl  sheet.  After  one  to  two  days,  transfer  the  acid 
to  a  spare  tank  or  to  a  second  tank  to  be  passivated.  For  econcolc 
reasons,  the  sarie  batch  of  acid  solution  cay  be  used  for  the  treatment 

of  as  cany  as  three  tanks  depending  upon  the  ^otat  of  dirt  end  grease 
in  the  acid.  !Sie  solution  shall  then  be  discarded.  So  not  store  the 
nitric  acid  in  alunlniss  tanks. 

e. '  '  Rinse  the  treated  tank  with  clean  potable  vater 
and  dry  with  a  clean,  lint-free  cloth  (clean  rubbers  should  be  worn  to 
prevent  scratching  the  bottca  of  the  tank) .  Enaslne  the  inside  of  the 
tank  for  any  iron  spots .  If  any  are  present,  dig  then  out  with  a  knife 
point.  If  there  are  any  unpasslvated  spots,  scrub  these  with  detergent 
to  reaove  grease  which  may  have  prevented  the  acid  frea  contacting  the 
metal  surface . 

f.  Repeat  Steps  b  throu^  e. 

g.  If  the  interior  of  the  tank  now  has  a  unifoia  dull, 
velvety  finish,  the  tank  is  satisfactorily  passivated.  Otherwise,  repeat 
the  treateent. 
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h.  If  possible,  the  t3s!£  should  be  ccadltlcssd  by 
fllUxsg  vith  stabilized  35p  hydrogen  peroside  for  one  to  three  days  before 
filling  vith  concentrated  hydrogen  peroxide. 

i.  During  conditioning,  the  passivity  of  the  tsnh 
surfaces  can  be  deteiained  by  observation.  If  there  is  no  steady  bubbling, 
if  no  gas  streamers  are  present  in  the  tank,  and  if  the  hydrogen  peroxide 
solution  is  quiet  and  cool,  the  tej±  is  said  to  be  cospatible . 

J.  Pusg)  the  35^  E2O2  solution  out,  rinse  the  tank  vith 
distilled  or  deionized  vater,  end  pu:2p  in  the  concentrated  hydrogen  peroxide. 
If  the  vlU  resaln  espty  for  core  than  a  veek,  it  should  be  dried  vith 
a  clean,  lint-free  cloth  after  washing. 

Hote:  If  a  tank  is  found  to  have  satisfactory  cci^tlbillty 
du.-lng  conditioning,  the  35^  HgOg  used  may  be  retained  in  a  proper  container 
for  additional  conditioning  use.  Ihe  stability  of  the  solution  should  be 
Checked.  If  the  tank  causes  an  iinsatlsfactory  rate  of  deccsg)08ltlon  of  the 
35la  ^2^2 1  cheeked  for  stability  before  it  is  retained 

for  further  use. 

k.  On  the  first  filling  vith  ccmeentrated  hydrogen 
peroxide,  strict  surveillance  should  be  caintalned  for  I6  to  2k  hrs  to  note 
any  undue  temperature  rise  of  the  tank  or  excessive  gassing  of  the  hydrogen 
peroxide. 


Ihis  method  of  passivating  alualnum  tanks  for  storage 
has  been  in  use  for  the  last  30  years  with  very  satisfactory  results.  How-  • 
ever,  a  relatively  new  technique  should  also  be  mentioned  vhldi  entails 
the  use  of  "sprays"  frca  a  suitable  Bsnlfold  temporarily  positioned  vlthln 
the  tank.  Preliminary  tests  results  have  been  prcaisizig,  but  the  lack  of 
proven  experience  in  the  field  vith  concentrated  Es02  pi^lblts  the  blanket 
reccmmendatlon  of  this  method. 

Hote:  Do  not  store  distilled  or  deionized  vater  in  an 
aluminum  tank  because  slime  formation  cay  render  the  unsuitable  for 
H2O2  storage.  . 

8.  Accelerated  Passivation  of  Eriall  Aluminum  Containers 


In  treating  small  tanks  and  drums,  a  modified  procedure 
may  be  followed  to  reduce  the  time  required  for  passivation.  The  following 
method  is  suggested: 

a.  Treat  the  tank  with  sodium  hydroxide  of  about  0.25^ 
concentration  by  standing  the  tank  first  on  one  end  end  then  the  other,  end 
finally  rolling  the  tank  for  5  to  10  nin  for  each  surface.  Vent  end  dump 
Inmadlately  end  waah  thoroughly  with  potable  water.  ^  not  allcw  the 
hydroxide  to  dry  in  the  tank.  Emcklng  or  open  flames  ere  cot  permitted 
within  25  ft  of  this  operation  because  hydrogen  gas  is  liberated. 
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b .  Add  Z3$  nitric  acid  to  the  tank  by  hand  pizap  or 
by  a  eoal?.,  BOtor-drlven  poop  to  fill  1/2  of  the  tanlc. 

c.  Seal  the  tank  and  roll  intexsdttently  for  one  to 
two  hrs  at  roca  tes^eratnre .  Alternately,  the  tanlt  tcay  be  filled 
cosapletely  with  3^^  nitric  acid  and  allowed  to  stand  for  one  to-  two  hr 
at  room  temperature. 

d.  Rinse  thoroughly  with  distilled  water. 

e.  Condition  the  tank  with  stabilized  35/^  hydrogen 
peroxide  as  described  in  Paragraph  7,h. 

9-  Anodization  of  Alualnua  Alloys 


Anodization,  or  anodic  oxidation,  is  the  process  by 
which  the  thickness  of  the  oxide  natiirally  present  on  alualnua  and  Its 
alloys  Is  Increased  (perhaps  a  hundred  times)  and  its  protective  value 
correspondingly  Improved.  All  alvcalntim  and  alirnlnum  alloys  for  use  with 
hydrogen  peroxide  should  be  anodized.  If  practical. 

Sulfurlc-aeld  anodization  has  been  used  successfully.  An¬ 
odization  procedures  have  been' developed  by  various  ccapaaies  for  use  In 
E2O2  systems,  but  the  procedure  given  In  Mlltary  Specification  MIL-A-&j25 
shoxild  be  followed.  After  the  process  is  complete,  icmerse  the  parts 
In  boiling,  distilled  water  for  about  one  hour  to  seal  the  pores  In  the 
metal.  Ro  other  sealing  agent  shall  be  used  because  It  cay  have  a 
catalytic  effect  upon  hydrogen  peroxide. 

Anodized  parts  should  be  handled  carefully  to  keep  them 
clean  and  free  frco  scratches.  Prior  to  use  they  should  be  degreased, 
rinsed  with  distilled  water,  and  conditioned  In  hydrogen  peroxide.  Do 
not  treat  with  sodium  hydroxide;  such  treatment  will  remove  the  anodized 
surface . 


If  compression-sealing  fittings  such  as  aircraft  AJI 
with  37-degree  flares  are  used,  the  sealing  surfaces  must  be  stripped  to 
ensure  a  leak- tight  seal.  Electrodes  of  copper  wire,  wrapped  spirally 
with  Teflon,  have  proved  satisfactory  for  anodizing  of  email-bore  tubing. 
Localized  heating  of  the  anodizing  solution  due  to  improper  circulation 
will  result  In  checked  surfaces. 

Hydrogen  peroxide  has  been  stored  In  anodized  aluminum 
tanks  for  up  to  two  years  with  satisfactory  results. 

10.  Ifesslvatlon  of  Btalnless-Steel  T^rts 


It  Is  recommended  that  ell  new  AI5I  S^O-series  stainless- 
steel  parts,  valves,  small  tanks,  tubing,  piping,  springs,  etc.  be  treated 
Individually  as  follcws: 
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a.  Slsasseable  the  units  into  their  ecqpcnsnt  parts 
except  for  plastic  Inserts  'tiiat  al^t  be  dashed  by  resoval. 

b.  Degrease  by  agitating  In  a  detergent  solution. 
Scrub  vlth  a  stiff  brush .  Ihe  solution  should  be  vaxsed  to  about  120^ 
{U9“C),  if  possible,  lihe  detergent  solution  ray  be  either  puaped  throu^, 
or  the  parts  should  be  agitated  while  the  solution  is  standing  in  thea. 
Exceptionally  greasy  parts  should  be  degreased  first  vlth  trichloroethylene, 
allowed  to  drip  dry,  and  then  washed  vlth  detergent. 

e.  Flush  vlth  clean  potable  water  Insedlately  after  the 
detergent  wash .  Frca  this  point  on,  the  parts  should  be  handled  with 
gloved  hands  or  clean  stainless -steel- tongs. 

d.  Isaaerse  or  fill  vlth  nitric  acid  for  four  to 
five  hr  at  roan  temperatiire .  Rinse  thorou^ly  vlth  distilled  water. 

e.  Condition  the  part  vlth  hydrogen  peroxide  for  three 
to  four  hr  end  note  the  rate  of  hydrogen-peroxxde  deccsposltlon: 

(1)  liaaerse  sssall  parts  directly  In  hydrogen- 
peroxide  solution  of  a  concentration  Identical  to  that  the  parts  axe  to 
handle. 

(2)  Completely  fill  sz^all  tanks  and  large  parts, 
such  as  valve  bodies,  tubing,  or  piping,  with  hydrogen-peroxide  solution 
of  a  concentration  which  these  parts  are  to  handle. 

(3)  llixlng  conditioning  watch  closely  for  heating 
of  the  part  or  for  decomposition  of  the  hydrogen  peroxide. 

f.  If  excessive  decomposition  occurs,  l.e.,  if  sany 
bubbles  or  g&s  streamers  are  observed  or  if  heating  of  the  part  occurs, 
the  part  should  be  removed  from  the  hydrogen  peroxide,  washed  vlth  fresh 
water,  and  Inspected.  If  no  defects  ere  found.  Steps  d  and  e  should  be 
repeated.  If  the  hydrogen  peroxide  continues  to  dsccnpose  excessively 
after  the  second  treatment,  the  part  should  be  plchled  as  described  in 
Paragraph  12.  If  only  small  areas  of  parts  cay  actimilly  cose  In  contact 
vlth  hydrogen  peroxide  In  final  ssserbly,  apparent  activity  frco  surfaces 
not  normally  exposed  should  not  be  cause  for  rejection. 

g.  Look  for  discoloration  of  the  hydrogen  peroxide;  it 
should  be  colorless  (in  very  large  volumes,  it  has  a  slight  blue  cast). 

If  the  hydrogen  pero^de  is  discolored  discard  it  promptly.  Pickle  any 
stainless  steel  part  idilch  discolors  the  hydrogen  peroxide  with  3t)>  HF-10^ 
ESDj  solution  as  described  in  Paragraib  12.  Dlscoloraticsi  is  caused  by 
Impurities  leached  (dissolved)  frca  the  stainless  steel.  Bie  table  below 
shows  possible  causes  for  hydrogen  peroxide  discoloration. 
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CAUSES  FOH  Ef^o  PISCOIO?-'^! 


Color 


feuse 


Ll^t  pink  to  ptixple 

Blue 

Yellow 


Cbrcolua 

Copper 

Iron  or  tltaolusi' 


h,  Bemove  the  parts  froa  the  hydrogen  peroxide  and 
rinse  with  distilled  or  deionized  water.  Inspect  for  rust  or  other 
corrosion.  '  If  rust  Is  found,  repeat  Steps  d  and  e.  If  rust  persists, 
pickle,  part  as  described  In  i^ragraph  12.  Bote:  Dilute  end  discard 
the  h:/drogen' peroxide  Ijaedlately  after  the  conditioning  period  Is 
.  con^deted.  (See  note,  Baragraih  6,1) . 

I.  If  there  are  no  unfavorable  results,  the  parts 
are  considered  to  be  conditioned  for  service. 

J.  Snail  parts  are  either  alr-drled  or  oven  dried  after 
conditioning.  If  plastic  inserts  ere  present,  the  oven  tessperatures  must 
be  well  below  the  melting  point  of  the  plastic.  lEake  care  to  prevent 

dust  dirt  froa  contacting  the  parts  during  drying.  Xsnks  Bust  be  dried 
unless  used  Icsedlately;  air-drying  Is  sufficient. 

k.  Beasseable  the  parts  and  package  as  described  In 

I^ragraph  Ik. 

An  alternate  passivation  procedure  can  also  be  used  on 
hardened  stainless  steel  such  as  Arsco  17*7^  >  ^Is  procedure  consists 
of  Israerslon  In  2^  ^oCrpOv.S  EgO  -  2C^  EIDj  solution  for  1/2  hr  at 
120  to  130*7,  foUowea  by  flushing  with  clean  potable  water,  distilled 
water,  cmd  drying. 

11.  Passivation  of 

a.  Degrease  by  vaahlcg  with  a  1^  detergent  solution. 
Ixceptionally  greasy  tanks  should  first  be  degreased  with  trichloroethylene 
or  perchlorosthyleca  and  then  be  subjected  to  the  detergent  wash.  Einse 
thorou^ly  with  clesa,  potable  water. 

b.  Enanine  the  tank  for  any  Welding  scale,  rust,  or 
other  inorganic  centaninant.  If  any  is  noted,  brush  the  velds  with  en 
AISI  SOO-series  stslaloos-steel  brush  end  then  fill  the  tank  with  a 
pickling  solution  of  3^  hydrofluoric  acid  and  IC^  nitric  acid  for  two 
to  three  hr  at  roca  tenperature  (65  to  7^*7) .  Eenove  end  rinse  with 
clean  tap  water  end  brush  velds  again  with  the  stainless-steel  brush. 

After  brushing,  the  dsbrls  cnist  be  clesnsd  cut  Kid  care  Eust  be  taken  to 
ensure  that  wire  bristles  are  not  left  sticl^ng  in  the  velds. 
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e.  Fill  the  tank  at  roca  tenpsratuze  vlth  nitric  acid 
of  about  70^  concentration  for  four  to  five  hr  or  vlth  nitric  acid  for 
16  to  S4  hr.  Mnse  vlth  distilled  water. 

d.  If  possible, .condition  the  tank  by  filling  with 
stabilized  35J&  hydrogen  peroxide  for  one  to  three  days  before  filling  vlth 
hi^-strength  hydrogen  peroxide. 

e.  During  conditlonlxig,  the  passivity  of  the  tank 
surfaces  can  be  determined  by  observation.  If  no  steady  bubbling 
occurs,  no  gas  streamers  are  noticed,  and  the  hydrogen  peroxide  solution 
la  quiet  and  cool,  the  tank  Is  said  to  be  ccspatible. 

f .  The  35^  hydrogen  peroxide  may  be  pumped  out,  the 
tank  rinsed  vlth  distilled  or  deionized  water,  and  the  concentrated 
hydrogen  peroxide  pumped  in.  For  possibility  of  retaining  the  35% 

conditioning,  see  Bote,  Paragraph 

g.  On  the  first  filling  vlth  concentrated  hydrogen  per> 
oxide,  a  strict  surveillance  should  be  maintained  for  16  to  2k  hr  to  note 
any  undue  temperature  rise  of  the  tank  or  excessive  gassing  of  the  hydrogen 
peroxide . 


12,  Hekllng  of  Stainless  Steel 

Some  stainless-steel  parts  and  tanks  vlU  not  respond 
to  the  passivation  treatment  given  above.  Pase  stainless-steel  surfaces, 
stainless-steel  velds,  and  rusted  surfaces  invariably  require  an  add  etch 
before  passivation.  A  part  which  has  not  satisfactorily  passed  the 
conditioning  step  because  of  excessive  hydrogen  peroxide  deccoposltlon, 
discoloration  of  the  hydrogen  peroxide,  or  rusting  should  be  treated  as 
follows : 


a.  Apply  petrolatisa  to  all  gasket  and  other  surfaces 
that  XBsy  be  dssaged  by  the  EF-EID^  solution. 

b.  Immerse  the  part  In  3^  hydrofluoric  acld-lO^  nitric 
acid  for  30  Bln  at  100*P  or  for  a  maxlsua  of  3  hr  at  65  to  70*F.  Keep  the 
hydrofluoric  acld-nltrlc  acid  avay  frcm  scalli^  surfaces;  if  this  Is  not 
practical,  idke  a  p@ste  of  3%  hydrofluoric  add- 10^  nitric  add  In  graphite 
and  apply  the  paste  to  the  surfaces  to  be  treated. 

c.  Flush  vlth  potable  water.  Send)  vlth  a  stiff 
brush  to  remove  welding  scale  and  the  paraffin  coating. 

d.  Apply  the  nitrlc-add  passivation  procedures  given 
in  Paragraphs  10  and  11.  If  the  part  still  Is  not  passive,  repeat  Steps 

a  through  d.  If  after  the  second  treatment  the  part  still  is  not  passive. 
It  must  be  rejected. 
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13-  Cleoslr^  cf  Flraties 

All  plastic  partsj  0>ri2^,  e::!  £3sl:3ts  can  bs  elc^asd  es 

a.  Vlpe  all  parts  as  clean  as  possible  vlth  a  llct-frse 
rag  before  beginning  operations . 

b.  Degrease  by  agitating  the  part  in  a  1^  detergent 
solution.  Ibe  solution  should  be  vansed  to  about  120*F>  but  should  cot 
be  heated  to  boiling  because  of  possible  dssage  to  the  pii^stle. 

c.  Rinse  thoroughly  in  distilled  or  deionized  vater. 

d.  Dnasrse  into  or  fill  the  plastic  parts  vlth  £0  vtjS 
nitric  acid  at  68  to  72*F  for  one  hr  and  rinse  thoroughly  vlth  water. 

e .  Submerge  the  plastic  part  for  l6  to  2^^  hr  in  hydrogen 
peroxide  of  a  concentration  identical  to  that  it  is  to  handle  and  note  the 
rate  of  hydrogen-peroxide  decomposition.  Hush  with  distilled  water  cad 
inspect.  If  the  part  is  satisfactory^  it  can  then  either  be  assembled 
into  its  unit  or  dried  and  packaged  as  described  in  the  foUcwlng  pamgraph. 

l4.  Racksging 

All  passivated  parts  other  than  those  to  be  used  Immsdiately 
should  be  sealed  against  dust  and  dirt  end  properly  labeled.  It  is  suggested 
that  the  label  give  the  name  and  nimibsr  of  the  part,  the  date  when  passivated, 
and  the  nsae  of  the  Inspector.  Email  traits  cay  be  stored  in  scaled  poly¬ 
ethylene  or  Vinyl  bags.  All  external  threads  shctild  be  protected  end  ell 
openings  should  be  closed  with  tight-fitting  polyethylene  plugs .  Erase 
pltigs  are  readily  available  ccmmsrcially.  Care  irust  be  takan  to  ensure 
removal  of  the  plastic  plugs  prior  to  installation  cf  the  part.  Prior  to 
sealing  a  bag  or  a  large  part,  all  air  should  be  flushed  with  dry  nitrogen 
gas  to  remove  atmospheric  colsture. 

15.  Glg.3,?:?sre  Rrrslvr.tlcn 

4  '■ 

Prior  to  use,  ell  including  thsmnmeters 

end  hydrometers,  should  be  clcanad  as  follows: 

e.  If  heavily  soiled,  tcaeVse  in  IC^  soidua  hydrcmlde 
solution  for  one  hr  at  reem  tergarature.  If  the  glass  is  relativaly 
clean,  irse  a  detergent  inetead  cf  sediua  hydremide  tscauso  the  latter 
Esy  actisally  decrease  the  inertness  cf  the  surface  to  hydregea  peroxide. 

b.  Rinse  in  clean  potable  water. 

e.  Immsrse  in  sulfuric  acid  for  et  least  czb  hr  ct 

rooa  temperature. 
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d.  Rinse  In  distilled  vater. 

e .  Alr-dty  or  dry  in  ea  orren  nt  110*C  (230*r) . 

f .  I^ssivated  glassr^^are  C2n  be  stored,  rondy  for 
Isoaediate  use  by  covering  the  opsning  vlth  alvTlnia  foil. 


26.  Ibssivity  Checlia 

After  tATitea  and  eczpcssnt  parts  have  been  passivated 
and  conditioned  vlth  hydrogen  parosida,  they  are  ready  for  hydrc^’n-peroslds 
service.  32ie  first  tiss  an  esseablsd  eysten  or  tsr.!:  is  flHsd  vlth  ccnccai- 
trste^.  hydrcgen  porcdde,  it  vlU  be  held  uader  snri'elllaase,  l.e.,’ 
carefully  vatched  for  a  spsclflcd  period  of  tiiie  to  Cetpia’ina  vhethar  or^ 
not  any  deccapcslticn  occurs .  Eils  survelllrace  pericd'  varies  dcaeaUng 
upon  the  type  of  equlpaeat  end  its  end  use .  Ese  ccnecatraticn  cf  'Cie 
hydrogen  parcside  my  be  detareined  at  the  tir:e  cf  fiJJLirj  end  cgiln 
after  a  specified  surveillance  period.  A  snail  less  is  to  be  enpeeted 
idien  the  equipmnt  is  initially  flUsd. 


To  dfiteiaine  the  dsccnpcsitlcn  rata  cf  hydrogen  perczlda 
for  a  specific  Itea  of  equlpsont,  the  conditions  affecting  the  decGsposlticn 
rate  must  be  Isncvn.  The  ccet  Important  ones  ere: 

a.  Teaperature  -  The  rate  of  deecnposltlon  viU 
Increase  about  1.6  tires  for  each  10®  P  rise  in  the  terperature  of  the 
solution  (2.4  tires  for  each  10®C  rise). 


b.  Surface  Area  -  Easrly  all  of  the  hydregen-psreside 
deccE^wsitlcn  occurs  on  the  surface  of  the  centainsr'  or  piece  of  eijulgnoat 
in  the  solution.  Very  little  dsccrpocltica  cccure  la  the  body  of  the 
solution.  Sherefera,  the  ensunt  cf  eurface  la  centaet  vith  a  specif Ic 
volurs  of  limid  Lee  ea  Irporiant  effect  ca  the  dec:c..;;csitlca  rate. 

la  Eoseral,  the  rate  of  deccrpesltlca  is  directly  p;c.perticnal  to 
ratio  of  vetted  surfe ca  end  vsline  cf  eolutlca.  It  is  evident  then 
that  a  threaded  belt  viU  ccrnslly  deocrpcce  tyde-egea  pe-renide  at  a  cruch  '• 
faster  rate  then  would  a  enco-ih  red  cf  the  cene  diene-ter  end  length. 

c.  Tpgre  cf  Surface  -  A  Etalnlcns-Gteel  surface  will 

nomally  deoergooe  hydregen  r-Tcreide  three  to  tea  tines  fester  thea  b,  ■  \, 

pure  elueelnua  curfeee  cvea  thcegh  bath  cur'le-ees  ere  carractly  pnesivatsd. 

In  general,  the  cncr-thar  the  eiarfece  cf  a  cprclfic  Eatnl  the  less  will 
be  the  rate  cf  hydregea  percnlda  deccngositica. 


For  ec33  puryoeas, 

C d" ' " 3  fXcr?  C>"’'S~"Z'T  v**"' 

t-is  been  pwri-^::;.;-i:y  mtlhliel:! 

lie  1  :  ;  cg;vlc5;  (l)  le 
tu-2  riee  cM' t'v  cud  (3)  e. 

l.ett:  -”  deea  vi 

cl  ct  71®?  far  b  ; 


B  C-'~etitu.£iva  pueslvlty  chcah  cf 
n  t.:.  i.  '/  ta  Cvrired,  Ejree  criteria 


le:?  tie  cul':~.lility  cf  B 
'  r  ■  -  (2)  t-gam- 

■'■".If.y  Cl  t";3  lgC2  eftar 
.I'l'n  tll'h  ie  et  b 
Ci  Laa.  ’ilo  follc'ijleg  liedta 


the  test:  5*F 


•Iteport  Appendix  17 

a.  tSaslsaaa  less  of  £2^2  ccnecntmtlcn:  0.7p> 
h.  M^sisua  temperature  rise  ehove  eshlent  d\2rins 


c.  Minimum  stahlUty  of  the  E2O2  foUovrlng  the  test: 

SOff>  of  active  oxygen  content  retained  after  holding  at  212*F  for  24^  hr. 

Experience  In  applying  these  criteria  cay  result  In 
modifications  and  additions  based  on  the  factors  of  eshlent  tespsrature, 
surface  eu%a-to-voluzs  ratio,  end  type  of  surface. 

18.  Pr.^gjvlty  CIiec-'Ts  of  r~^TC'~';n-P3r?rld3  T'.^-s 

A  hydrogen  peroxide  system  cade  from  Individually 
passivated  parts  cay  be  ceneidersd  passivated.  Eovever,  In  nssechlirg  a 
hydjxigen-peroxlde  flew  system  care  mist  be  tahon  to  prevent  any  feraiga 
matter,  such  as  Inccnpatlble  pipe  dope,  cetal  chips,  or  greasy  rags, 
from  entering.  After  assembly,  washing  out  with  distilled  or  delcnised 
water  is  recermendsd  before  the  system  Is  ccnsldared  ready  for  hyiregea- 
peroxide  service.  This  water  must  be  removed  completely  frem  the  system 
after  washing.  The  first  tins  the  complete  system  Is  filled  with  hydrogen 
peroxide ,  It  should  be  held  under  survelllEnca  for  six  hours .  As  these 
systems  generally  Include  some  Class  2  end  Class  3  catorlal,  sens  decesa- 
posltlon  of  the;  hydrogen  peroxide  la  to  be  expected  during  this  time. 

Eie  following  should  be  ceasured: 

a.  Temperature  -  The  tsmperatiare  of  all  parts  on  the 
outside  of  the  hydrcgen-percxlde  sj'stea.  Including  tonh,  piping,  valves, 
and  similar  items,  con  be  assessed  through  feeling  by  hand.  A  teirgerature 
survey  simtom  such  as  nmmufactimred  by  Taylor  Inntrumeat  Co.'  (v;:g:r«e,2-'m:.atcd 
temperature  device),  cemsisting  of  a  capillary  tube  which  vrups  ern-.;md  the 
storage  vocssl  or  piping  system,  con  be  unod  to  remetcly  deteruime  "hot 
spots"  that  cay  exist.  Imueoccsible  areas  con  also  be  ccasurad  by  thcim> 
couples . 

b.  Fate  of  Ecccmpcnitlca  •  Css  cm*  cf  tlie  proced'ercs 
given  In  Farsgrugh  I7.  The  foUcuiug  criteria  will  be  used  to  detcnmin.2 
if  a  system  is  passive; 

(1)  If  Iccol  hot  spots  (rrnonc:::!  't.  htly  5*™  v:.  ■  ror 
th.aa  surreumding  crccs)  are  found,  tlcmt  cemtantai  cf  the  cg-u-am  t'ill  be 
replaced  end  the  passi^/ity  test  repaated.  The  ccu'ponamt  which  has  beta 
removed  will  be  returned  for  repossivaticaj. 


(2)  If  the  rats  cf  deer 
the  cc;U3e  for  the  high  rate  c.:.:-.',;:t  bo  attnlhul 
cf  the  c-ystcoj,  tnie  e;atl;o  cyalau  c-.-nt  bo  ra  .': 
cf  doc: ,.g': ^.’tica  is  r.r;';,! 


c::o: salvo  crl 

r.a:.'3  t 

.r  -  ■  1  ^  h 
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19.  Passivity  C5:3ei:3  of  C  Wu2ww.^(iA»  a  r^og 

5!u:alr'.-3  Store -3  Ir:::!-:? 


Alualnua  vhlcb  ere  to  be  trsed  for  Icbg-tliis  8tcrr~3 

of  hydrogen  peroxide  should  be  held  under  surveillance  for  at  least  2k  hr> 
and  preferably  72  hr,  the  first  tlce  they  ere  filled  with  concentrated 
hydrogen  peroxide.  During  this  period  the  tahk  shall  be  observed  hourly, 
and  the  tesspex&tvre  of  the  solution  end  of  the  surrounding  sir  should  be 
Beasured  by  theraocouples  or  thexscaeters.  In  eddltlon,  the  tcnpsraturs  of 
all  parts  on  the  outside  of  the  tank  can  be  assessed  threu^  feeling  by  hand. 

The  rate  of  deccs^cslticn  of  the  E2O2  shall  be  dstsrrlnsd 
by  afiBipllrg  the  hydrogen  peroxide  at  the  start  end  at  the  end  of  the  surveil¬ 
lance  period,  and  by  Esasuring  and  ccsparlng  the  hydregen-perexids  ceacsntratica 
of  the  sssples. 

A  tank  is  considered  to  be  passive  if  it  panses  the  standard 
observations,  and  if  the  rate  of  hydregan-parexide  dseergesition  is  not 
greater  than  the  specified  accaptsbls  llrit.  The  table  below  gives  norsal 
snd  sbnoxTnal  rates  of  deccxposltlon  for  druxs  and  bulk  tasks: 


HpOp  DSCCZPCSmCI  ILVEIS  FO  AStlSTu!*! 

DeccEspcslticn  Ptste, 

Size  of  Coatginer  ^  yg?r 

30  gallons  (drua  size)  1  to  2 

5CX}  gallons  or  larger  1  or  less 


Honsal  Rate, 
i/2k  hr 

0.0027  to  0.0054 
0.0027  or  less 


If  the  tank  fails  in  any  of  the  criteria  listed  above,  it  Eust  be  repsssivated. 
The  KgOg  to  be  renoved  frea  an  improperly  pnesivatsd  tank  B“:st  be  checked  for 
stability  before  being  transferred  to  Esather  task. 


Ishen  the  E2O2  is  etcred  in  cpecirlly  treated  elrxinua  tanks, 
the  decerrposition  rate  is  ccmsiderably  leas  than  thmt  lirtsi  in  the  preceding 
table.  This  ccnditlcn  is  Irprcved  as  the  ^02  ccnccntrc.ticn  increases. 

p.  EfC?ABiii7y  CF  EiGH-snnrciH  Errr.cc3  ez:i:2I3 


The  storsblllty  of  hydrogen  peroxide  is  dependent  upon  the 
Ecgnitude  of  each  of  three  basic  sources  of  daccr:pa2itica:  (l)  liquid-phase 
dseexpositloa  caused  rsicly  by  catalytic  cetal  iexa,  (2)  liquid-phene  doeexposi- 
tica  on  suhrergad  surfaces,  cad  (3)  gr^-phana  dcocrpositica  on  surfaces  above 
ths  liquid.  Kexogcnecua  vepor-phasa  deccrpocitica  is  cegligibla  at  coraral 
storage  ccaditicns.  The  cep'mituda  of  the  first  Ecurce  of  decxrpcsitioa  is 
deperiont  on  temperatnere  a”.I  the  nature  cad  cc  :ieer!tratice  cf  Lapuri*--ie3  cal 
Etebilirers,  tat  is  ia^'acaaaat  of  cerPhee  er;:a  cr  caa'itiaa  cf  t':e  Baafaae 
{except  C3  they  may  caatrihute  to  the  caacc atraticn  cf  ira::c*itlS3).  Tlae  rapaitaa 
of  the  cscoal  cad  third  ecaroes  of  decwpiaitica  era  dapaadaat  up.3a  taaparciare. 


(This  page  Is  Caolrmsdfdol) 
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asaterial  of  construction  sad  its  preparation  {(^aaiccl  cad  p!:^73icGj.),  cad 
the  relationship  bat'S^en  surface  sraa  cad  voluaa  of  tha  liquid.  Frca  the 
foregoing  it  can  be  seen  that  the  acquisition  of  cscaingful  storabilitir  data 
is  difficult  and  that  the  interpretation  of  data  obtained  costly  ss  a  catter 
of  circuastsnces  is  dangerous. 

(c)  Shell  Development  Company  is  currently  involved  in  a  prcgraa 
specifically  directed  toward  improving  the  storability  of  high-strength 
hydrogen  peroxide  (l)  thru  (5).  Their  principal  lines  of  attach  are: 

(1)  the  development  of  a  simple  process  for  final  purification  of  the 
perodixe  immediately  prior  to  filling  the  storega  ccntainar,  (2)  tha 
development  of  an  improved  liquid-phane  deccmpositicn  inhibitor  syetma,  end 
(3)  the  assessment  of  prospective  container  materials  for  ccrpstibility  with 
long-term  peroxide  storage.  The  most  practical  and  successful  results  to 
date  in  each  area  of  attach  ere:  (l)  passir^g  the  current,  ccsssercially 
produced  hydrogen  peroxide  through  a  bed  of  insoluble  hydrated  stannic  oxide, 

(2)  using  half  neutralised  sodium  stenaate  prepared  in  hydrogen  perc:dd3  cs 
an  inhibitor,  end  (3)  using  electrolytically  deposited  tin  as  the  centainor 
surface  which  ccntacts  the  peroxide.  The  success  of  this  program  is  indicated 
in  the  following  paragraphs  where  the  storage  history  of  hydrogen  peroxide 

is  presented. 


1. 

it 


Storability  of  90*^  Wt  Evdregen  Peroxide 


Although  much  of  the  storability  information  available  on 
S0%  %02  has  6een  gained  via  circumstances  rather  than  plen,  sufficient  data 
are  available  to  define  approximate  levels  of  dacenpositien  that  cca  be 
anticipated  in  several  materials  under  noimal  handling  end  storage  conditions 
and  those  that  can  be  expected  when  special  cere,  treatments,  and/or  materials 
are  utilized.  The  available  data  are  presented  in  the  following  table: 


(c)  STCn^ILITf  C 

E->02 

Type  K'Op 

£trr-"'’e  ( 

Lumatica 

Decemn,  Eate, 

Fre-ers  Lt:' 

. n  -• 

r;  •*.  -S  ^ - -sT 

r-l 

ro 

Pef. 

Electrolytic 

Eo 

Ambient  ICSO  A1 

25COO 

4^  to  12 

Undetectable 

8 

Electrolytic 

Ko 

Ambient  IC^O  Al, 

eoco 

8  to  9 

0.27  end  0.75, 
avg  of  2  ■  0.51 

8 

Electrolytic 

Eo 

Ambient  1C60  Al 

30 

13  to  34 

0.15  to  2.33, 
avg  of  12  1.01 

6 

Electrolytic 

Eo 

Ambient  5552  Al 

30 

13 

0.42  end  0.54, 
avg  of  2  =  0.43 

6 

Electrolytic 

Eo 

Ambient  5f5^  Al 

30 

13 

0.C3  and  0.40, 
erg  cf  2  «  0.25 

6 

Pug; 

:  42 

'  % 

c:: 

*  g  .  V  i  ; 

■  ? 
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fs-cc-ccs  fct." 

■'Ml'*?:- 

1  Tc-a. 

I'cterlrl 

TO 

Esf. 

Electrolytic 

Eo 

Mbient 

5052  A1 

30 

13 

0  and  2.7* 

C7g  of  2  «  1.33 

6 

Electrolytic 

Ho 

Acibient 

Teflon 

1 

U  to  5 

1.3  and  2.2* 
avg  of  2  ■  1.75 

7 

Electrolytic 

Tea 

ibablent 

1C60  AL 

30 

63 

0.29  £2^  0.62, 
evg  of  2  »  0.45 

6 

Electrolytic 

Yes 

77*p 

1260  A1 

5 

2.9 

0.53  and  0.62, 
avg  of  2  a  0.60 

4 

Electrolytic 

Yes 

Aabient 

Teflon 

1 

2  to  3 

1.7  end  2.0, 

ETg  of  2  a  1.&3 

7 

Qrgaalc 

No 

77  •p 

1260  XL 

5 

2.7  to  3.1 

0.78  to  O.Eo, 
avg  of  3  a  0.63 

4 

Orgaaic 

Scsse 

tin 

added 

Aabient 

Eigb- 

purity 

altsainvca 

30 

13 

0,45,  1  sasple 

2 

Organic 

Yes 

77*F 

1260  A1 

5 

1.3  to  2.9 

0.12  to  0.18, 
avg  of  3  **  0.15 

4 

Organic 

Yes 

77«y 

5052  A1 

5 

1.3 

0.63,  1  scnple 

4 

Organic 

Yes 

1C4*P 

5052  A1 

5 

1.9 

1.66,  1  Bc^sle 

4 

Ce’gaaic 

Yes 

77*F 

^-P 

5 

2.5 

0.24  end  0.25, 
avg  of  2  a  0.23 

4 

Organic 

Yes 

77«p 

FvTCS 

5 

— 

0.04 

5 

Organic 

Yes 

ICJl'P 

5 

1.8 

0.l4,  1  sample 

4 

(u) 

ticaj  r&ts  of  Is: 

Ca  ths  basis 
;3  than  l^yi:?  c 

cf  the  pre 
33  be  rssi 

laci  Vi 

deta  it  r: 

•  «?  ^  jrn«;«4»  fi  ' 

C>  *  ..b  V  ak  4 

rpears  that  a  dscerposi- 
iiculty  et  ccbicat 

difficialt  ta  cstsot.  E7i:;i:ii.2--;ic3  r-'::— 3  to  c^cra-^a  rsics 

ia  E::tc2.3  b  f;..2tc?  c:  2  to  5.  rcc^. toxzo  c3  Icy  b  Q,C.l/-^  E'-rccr 

^  ^‘.•■'.r^  ,-  -rx^  ^  -v^-  —  v» '“*" 

^  Wr — -  w-wvvi  i- • 


I 


r:-  ~3  *^3 
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2.  Storabllity  ef  c?i  rt  F’-——- 1 

Vary  little  storabllity  infcrration  is  available  ea  jSjS  wt 
^P2*  Ibe  data  fouad  are  presented  in  the  follsvias  table: 

STORABIIlTr  C?  SZp  Vt 


^pe^Og 


Stabilised  Process  Tem.  Katerial  '  ral 
Ifo  Electrolytic  Aaibient  1060  A1  ~30 


Storage  Ccr^ltiorrs _  _ 

Voltes,  Duration,  ^5°^: 


soln. 

treated 

^flon 


Yes^  Electi*olytic  ihnbient  Iteflon  ••  1 


^  yyr 


33  O.OU  to  1.25,  6 
avg  of  12  = 

0*39 


No  Electrolytic  Aabient  Teflon  **1  1.53  (single  7 

saziple) 

No  Electrolytic  Anbient  i^rrellok  *<1  •'U  1.27  to  1.69,  7 


avg  of  2 
l.lf8 


0.60  to  1.13,  7 

avg  of  2  » 

0.86 


A  coisparison  of  the  storability  data  for  unstabilized  electro¬ 
lytic  90  and  E292>  pi'esented  in  the  tvo  preceding  tables,  indicates  that  95^ 
^p2  is  Eore  storable  than  S0;5  E2O2  by  a  factor  of  erg-reniriately  2.6,  all  other 
factors  being  constant.  A  sisilar  direct  ccc'-.ariscn  for  crganlc-precess  EpC^  is 
not  available,  but  Shell  Development  concludes  that  hydregea  peronid?  of  95  to  97^ 
concentration  can  be  prepared  with  a  high  degree  of  purity  end  can' be  stabilized 
to  the  sans  degrse^as  9C,d  E2O2,  i.e.,  to  give  dsccrpositlca  rates  of  only  0.04  to 
O.Oo^/day  at  212'’P»^).  Ihres-zisnth  stor-nge  tests  at  63^F  in  33-cal  shipnent 
drtnrs  on  unstabilized  end  stabilised  ^2^2  i^Eicate  that  the  r'af-ticn  of 
stabilizers  decreases  deccapositlcn  rate  by  a  factor  of  clout  2.7^0.  Shis 
lEprovsnent  in  stability  is  in  line  with  that  seen  in  9'^;^  £^"2  when  stabilizers 
are  added.  ** 

G.  SEIS’-EZlSTBi  IN  ErCEwlCa!  T1I2B 

Self -heating  in  storage  tenets  prscents  no  prcblea  an  long  as  high- 
quallly  hydregen  peronide  is  initially  introduced  into  a  storage  toad:  which  is 
properly  prepared  and  properly  dceipp-cd  to  prevent  ccntariratlon.  Eeuever, 
self -heating  can  occur  when  three  precsutlcaa  cr-e  net  cha;rvcd  or  are  sub- 
secucntly  voidad  by  accident.  la  the  follcuing  p'.roge’aphs  tlee  caoet  cf 
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potentially  fian^aroua  Belf-hsaticg  Is  doscrlbad  ezd.  precsduros  for  fiaalis^S  vlth 
self-hsatlng  ar®  given. 

Bartlett'.  '  has  analytically  stcdtcd  tbo  ccsdltlons  vhlch  constitute 
a  dcngsroua  situation  (i.e.,  one  requiring  ccrractive  xnsasursa).  ccaclu-sd 
from  his  study  that  if  hydrogen  peronlde,  by  virtue  of  decccposltlon,  attains  a 
temperature  about  20*F  above  that  of  the  surroundings,  corrective  action  Is 
required.  Ihe  tine  available  for  taking  corrective  znsasures  is  dictated  by  the 
decon^sltlon  rate  existing  at  the  tengerature  attained  by  the  peroxide  then  it 
is  20*F  above  the  tez^rature  of  the  surroundings.  greater  the  dsec^i^sltion 
rate,  the  isore  urgent  it  is  to  take  corrective  erasures. 

Ehanley^^^  considers  keeping  tlES-tsrperatura  records  on  large  tasks 
of  concentrated  hydrogen  peroxide  to  be  edvleabla  and  reccr:::eai3  that  corrective 
actions  should  be  initiated  if  the  terperature  of  the  hydrogen  peroxide  is  nore 
than  2  or  3®C  (3*6  or  above  the  naxinua  anbisnt  tsrgerature  or  if  a  rapid 

rise  in  temperature  occurs  (0.5*C  or  isore  per  hour).  Eias®  conditions  appear 
Bossvhat  rare  stringent  than  the  20“F  terperature  difference  criterion  suggested 
by  Bartlett,  but  Esanley's  criteria  for  starting  corrective  ceasures  are  deemed 
to  be  core  advisable  because  they  would  extend  the  time  available  to  control  the 
situation; 


aanley  reccissnds  the  foUcvlng  procedures  for  controlling  self¬ 
heating.  In  the  early  stages  of  self-hsating,  the  deccnposltioa  can  be  cuibed 
by  the  addition  of  stabilizers  or  by  cooling  with  vator.  It  is  advisable  to 
stock  packages  of  ecargency  stabilisers  at  large  storage  locations.  Erfcercal 
cooling  with  water  sprays  emy  dissipate  beat  at  least  ten  tines  as  fast  as  air 
convection,  with  obvious  advantages  in  bringing  a  self-keatlng  tank  under  control. 
Internal  cooling  with  clean  water,  thus  diluting  the  peroxide,  is  also  a  very 
effective  nsans  of  control. 


IGille  attanpting  to  control  a  celf-hcating  tank,  a  careful  tlne- 
tenperature  record  skouid  be  kapt  to  prevido  a  rur^uirg  maord  of  the  effective 
ness  of  the  control  ceans.  la  pr-ojsctirg  the  tl”.:-tc.:’gcrutura  curve  into  the 
future,  it  is  well  to  bear  in  cini  ccTsrnl  eg-grcnlvztiriun  cudo.  Host  of  those 
apprc-l-aticns  cverestimte  the  haoord  e-i  ui-..'orco" 

Eousver,  at  leoet  tjo  factors  moy  egormte  in  the  c: , 

breoJrdova  of  stabilisers  as  the  reasticn  procoods  eal  (2)  the  formation  of  a 
blanket  of  gas  bubbles  on  the  interior  eurfooos,  which  eight  roduee  heat  transfer 
to  the  surroundings. 


ate  the  time  before  eruption, 
site  diroctica:  (l)  pcssibla 
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"Concentrated  Storable  ^ydrc^sn  Paroslda",  Quarterly  Rrcsress  Eaport  Eo.  2, 
Aug.-Oct.,  1S54,  E?t.  8-13933^  £jall  Rjvalsp-jnt  Co.,  E:::aryvllle,  Calif., 
Contract  ra-0lt-200-i?:iC-569(Z).  (CC'^Z-JIL&L) 

"Concentrated  Storable  ^drc^an  Paronida",  Quarterly  Prepress  Ee^rt  Eo.  3, 
Ebv.  ISSk  -  Jan.  1^S3,  Eut.  S-ISSJO,  C:3ll  Eavala'rreat  Co.,  Euiryvilla, 
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Peroxide  in  Saalad  Cental  n«z*3  'Sot  Pariedo",  Propulsion  Capart- 
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A.  SESSHIVIEY 

1.  iCTaet 

(n)  Shell  Develoiaant  Cca5>aiy(^)  reports  that  the  Geraans 
invest igated  the  hydrogen  perorlde-vater  systea  using  an  is^act  tester.  The 
device  is  not  descrihed,  although  there  are  indications  that  a  vei^  of  2  to 
$  kg  «3S  dropp^  frca  a  height  of  8$  ca  or  core.  ISo  esplcsions  were  ohtainod, 
neither  with  various  solutions  nor  with  lOC-p  tydrosen  perorlde.  A  sr^le  of 
solid  hydrogen  perosida  lihavisa  did  not  ezploia.  Eallingsr  et.  nl.v^) 
tested  tydrogen  perosids  using  a  2CX>  ^  weight  drorpsd  350  ca  and  ohtaiacd^ 
no  explosions.  Irpaet  tests  psrforsisd  by  Escoo  and  Shall  Davalognent  Ccr^cny  ' 
with  solutions  containing  up  to  and  includirg.  lC0>a  hydrogen  paroside  siniiarly 
gave  no  explosions(l).  Bloca  and  Erunsvoldvo)  tested  high-purity  hydrogaa 
peroxide  ( >  9^^)  with  a  codified  Bureau  of  Mines  i:::pact  tester  end  achieved  no 
explosions  at  tesperattires  up  to  212*F  (100 ‘C)  and  ii^acts  of  300  kg-ca. 

> 

(c)  Ho  explosions  were  obtained  in  irpaet  tests  of  Kal-P  or 
Teflon  in  contact  with  liquid  hydrogen  peroxide  (85  to  90^)  at  terrperatures 
aa  high  as  about  400^.  The  plastics  were  shreds,  filings,  or  powdery  dust, 
and  in  sexse  instances  were  nixed  with  alualnun  or  iron  filings.  On  the  other 
hand,  dispersions  of  200  cesh  polyvinyl  chloride  (IVC)  in  90  or  96.7^  hydrogen 
peroxide  e3q)loded  in  the  impact  tests  at  roca  teepserature.  This  difference  in 
behavior  is  probably  due  to  the  C-H  bonds  whi?h  exist  in  FfC  but  are  kbsent  in 
the  cosipletely  halogenated  Kel-F  and  Teflon(^). 

2.  Adlsbstle  Cc-Dressioa 

(e)  Adiabatic  cergressioa  teats  with  70$  hydrogen  peroxide  at  . 
acblent  tci^erature  end  et  show  the  caterlsl  to  be  insensitive  efeerpres- 

alon  rates  as  high  as  231,000  psl/scc(^).  Ec=:evhat  sinilnr  tests  with  90$ 
hydrogen  peroxide  (5C$  MgCij  driven  with  2000  psi  air  pressure  egalrpt  the 
closed  end  of  a  1.250-ln.-ID-pipa)  have  been  reported  by  Eellingor^^J.  Ea 
obtained  no  erplosicn  la  those  tests  or  in  tests  in  which  tha  peroxide  wss 
driven  threugh  a  0,250-ia.  fcola  in  the  end  of  the  pipe.  Frca  limited  tasting 
Eochetdyne  concluded  that  9^$  Eg04  is  insensitive  to  adiabatic  ccii^ressloa  at 
all  initial  liquid  tc~~orrturc3  up  to  250 ®F  end  at  pressurisation  rates  up  to 

about  200,000  psl/seo<i5)(6), 

3*  Sg-ngltivitv  to  C-?nftra 

(u)  The  hydrogen  psroxlde-wnter  eystca  has  been  tested  for  aenel- 
tivlty  by  gunfire.  Eo  explosion  took  place  t'hsn  tha  Gemoaa  fired  bullets  frca 
a  standard  infantry  rifle  et  a  distance  of  50  a  through  200  cl  of  l(Xj$  tydregan  *  * 
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percsida  ecntairad  in  en  elinis'ja  tulia  U,5  es  in  dicr^stsr  crd  15  C3 
Ealllss3r(2)  fired  erner-pisrcir^,  trassr,  end  Iscsndicn'ii'  t-.'sllcts  fren  a 
0.50  caliber  tachina  gaa  at  a  dis'icnea  of  ICO  yd  t'nrc-.'cb  1  of  90^  fcydresan 
peroxide  contained  in  alnnin'aa.  Eo  enploaiciis  vsra  obtained. 


Sensitivity  to  Ermlosiva  Sbos!: 


Card-gap  tests  were  conducted  with  7C^  hydre^en  peroxide  'by 
the  Saval  Air  Eochet  Test  Station,  Dover,  Effsr  Jerssy(l).  Ees'olts  of  the  tests 
indicated  that  the  sexple  vas  insensitive  to  the  hydrodynraic  shock  fren  50  ga 
of  tetryi  at  zero  card  gap  at  eahieat  tenperature  end  at  71“C.  Cap-lc-pipe 
tests  with  90^  E2O4  indicate  soss-wiiat  core  energy  is  prodnesd  than  %&ea  water 
is  tested.  The  pipes  bulged  and  occasionally  opened  sems^’hat  but  lig.uid  hydro¬ 
gen  peroxide  solution  was  present  after  the  test(l). 


The  results  of  early  Gamaa  investigatiens  into  the  effect  of 
the  explosive  shock  generated  by  caps  end  on  tydregan  percsida  contained 
in  tubes  are  given  in  the  following  table(l): 


I 


(2his  page  is  Caclasciflcd) 
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^drenea 
Parosida 
Cone,  is  tjt 

Descrinticn  of  Tsst 

Initiation 

Results 

0 

10  ga  PSTN 

Tube  spilt  open. 

90.2 

10  gn  PETE 

Tube  opened  10  ca.R202  left 

94.8 

Alustinua  tube  21/23  > 

10  ga  PSTN 

Tube  opened  10  .csi.Ej202  left 

100.0» 

10  ^  FZElN 

Tube  destroyed 

100.0. 

27  ca  longj  burled  in 

10  ga  P2TH 

Tube  destroyed 

0 

loose  Boist  sand. 

No.  10  cap 

Tube  opened  6  ca. 

106.0 

No.  10  cep 

Tube  split.  E2O2  left. 

100.0 

No.  8  cap 

Tube  split.  E£C2  left. 

0 

Altsainua  tube  21/23 

No.  8  cap 

Tube  swelled  slightly. 

100.0 

inside  iron  tube  23/25, 

No.  8  can 

Tube  torn  open.  E2O2  left. 

100.0 

iron  caps  on  ends. 

10  guTZZl 

Tube  destroyed. 

Aluainua  tube  25  cm 

10  ga  PEI3 

Stoichiccetrle  nixture 

diaaeter,  27  ca  long. 

in  stoichio- 

detonated.  Lower  part  of 

Glass  tube  16  zna  dia. , 

metric  mix- 

aluainua  tuba  containing 

100.0 

9  ca  long  placed  Inside 
aluainua  tube.  Glass 
tube  filled  with  stoichlo- 
Bstric  Edjcture  of  E£02 
and  ethanol. 

ture  tube  ■ 

100$  E2O2  left  Intact. 

100.0 


Glass  tube  26  E3  dia., 

50  CO  long.  Glass 
partition  at  25  ca.  T^psr 
end  filled  vith  stoichio- 
Bjstric  E±st!ire .  lo'rer 
end  filled  ifith  ICO^  i:£02. 
Tried  with  end  without 
ertarnal  iron  casa. 


10  ea  PSIH 
in  stoichic- 
Estrlc  Eix- 
ture  end  of 
tube. 


Stolcblcaetric  laixture 
detonated.  Lower  part  of 
tube  containing  lOC^  e;202 
left  intact. 


♦  Tube  cot  burled. 

Althcurji  the  preceding  infomntlon  clcnrly  indicates  that 
fcydrcgsn  peronida  is  very  Inacnoitiva  to  choch,  it  shovJd  ta  coted  that  prepa- 
gnting  detenntiens  can  be  Inlticted  la  the  licuid  phoiie  with  pot-arful  booster 
ch3r£--3  tr.d  ertrena  conditions  of  conflnenont  or  in  the  gaa  phasa  whsa  the 
ccnccntrctioa  of  hydxo£aa  parosida  is  isore  than  approsinatcly  35  cole  it  (See 
Section  C). 
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B.  rzc:::2:3i2i::j  cr:2ACZzi::;::-3 

Tbs  vcpor-pbase  erplcsicn  ll^dts  cf  tp-Ircpin  p'rsricla  In-rs  taca 
Bsasured  over  a  vids  rr:.~“3  .of  terpsrcit'vrrss,  prcsctiras,  czl  r y-^rr'-i'-is  fcj 
Kocgsr  and  co-trorb2rs(7)  end  by  Sattsrfield  end  co-^-?3rb2?sW/\>  Tbs 

total  data  now  cover  tbs  tenpsrat’jre  rnrps  of  epproniratsly  I30  to  390"F,  tbe 
pressTjre  rsnga  of  epprcsinatsly  0.2  to  1000  psia,  end  tbs  concentration  ranps 
of  approriEstely  4  to  70  cole  percent  E2O2  in  tbs  vapor.  la  edditioa  to  tbs 
study  of  the  effects  of  tbasa  variables  on  cralonloa  Units,  tbs  effects  of 
various  ignition  sources  (sparb,  hot  filnnsat,  catalytic  end  con-cataly-tie  Estal 
surfaces),  various  diluent  gases  (tnater  vapor,  oxrj-zn,  nitrepan,  beliun,  end 
carbon  diosids),  superbaating  and  paebing,  bavs  bean  reportad, 

f 

Altbough  sens  differences  in  tbs  efficiencies  cf  eparbs  and  hot 
fllcssnts  as  ignition  sources  ha^'e  bean  noted,  tbs  differences  trs  not  con¬ 
sidered  to  be  significant.  Tbs  iatrcducticn  of  catalytic  raterlals  at  cefeient 
temperature  into  bydregen-psronide  vapor  systens  also  appears  to  be  ca  efficient 
ignition  Estbod,  but  non-eatalytic  ratal  surfaces  produce  erratic  results  partic¬ 
ularly  •Bben  they  sre  at  terperatures  below  3CO®P. 

The  study  of  the  effect  of  diluent  gases  on  ignition  Units (9) 
shows  that  water  vapor,  onygen,  nitrogen,  end  teliun  behave  sisllarly,  but 
carbon  dioxide  does  have  ea  inhibitory  effect  by  cerparisoa.  Tbe  uss  cf  paebing 
appears  to  inhibit  the  initiation  cf  vapor-pbase  errpiosionsj  fcouever,  tbe  range 
of  conditions  under  which  the  enpsrinsats  were  conducted  vas  very  narrow  and 
does  not  Justify  generalization. 

In  linger  *s  verb  tbe  generated  b^'-dregan  pcrcsids  vepors  vere  ' 
in  equilibria  with  liquid  I-£-2  •  E2  found  that  bis  data  ccrrslats  veil 
according  to  tbe  foUoving  relaticnsbip: 


In  (y^/^ET’^Aj  ,  b  +  C/T 


■feisre  y  »  cola  faction  cf  E£02  in  tbs  vepar,  P  =  total  preeauro,  T  «  ahaoluts 
terperature,  cr,d  B  cad  C  ere  conat'.:r.t3.  /u.::’;a":b  v!:io  cer.'alatf.a3  has  valua, 
tbe  fraoticaal  pa:  aas  rrbe  it  cc:;aa:".t  cu:;:au:u.  a  to’lgg'.",  Faaa  cau  a-iag  tbe 
data  it  has  t:::n  f-’T.d  that  en  equally  gaad  ccavalaticn  caai  be  cbtaiuad  ty  tbe 
follculrg 

log  (C  >  )  -  B  ♦  C/2  (2) 

where  is  tbs  rass  of  EgOg  vapor  per  unit  voluns. 
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Ihe  tc=paj*£‘iT:r8  dr;:::i;cr.-22  cf  crnlsclca  Ifaits  gs  e::^r£2ssd  ia 
t&e  t?!0  corrslstirg  e^:.:Aizz3  giv:^  e'j.ors  c-g~:^3  lexical  &■&  first  c^22. 


SMs  dspsa'isnea  is,  ts'.:3V3r,  ir:; 


:i  t7  tl:3  tca^aratars-grossars-cc: 
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relatics5!jip  icliarsst  ia  the  SC;^  EcC-2  vcpor-lic'aid  eciailibrid  systaa  ard  is 
not  nscessarily  eigsificcat  ia  fisfiaing  the  errioj^vs  Halts  of  ESO2  vapor  i»t 
in  equilibriaa  vith  90p  liquid  bparcsea  peroside. 

Ia  Satterfield’s  early  v-or2:(®)(9)  the  generated  Jiydrogsn  perosids 
vapors  vere  also  in  equilibritsa  vith  liquid  ^0?  solutions  but  the  liquid  vas 
not  of  constant  ccs^sition.  In  his  later  vorhliO)(H)  the  vapors  vsre  slightly 
strpsrhsatsd.  Satterfield’s  ignitioa-linit  data  do  not  correlate  veil  vith 
either  Equation  (l)  or  (2)  but  they  eoTild  cot  be  etpoctsd  to  in  view  of  the  fact 
that  differ  rat  tauperature-press-ura-cerpositioa  rslaticnchips  ere  involved. 
Estterfield'kil)  has  eczriented  that  in  slightly  s’-perheat-rd  vapors  an  increase 
ia  temperature  Eight  be  erpected  to  lc*.r3r  the  igaitloa  limit  but  he  found 
esporirmrntally  that  variations  in  vapor  temaarstures  by  2^*0  or  so  at  a  fined 
pressure  produced  no  noticeable  effect  on  ■fee  limit. 

In  viev  of  the  apparent  smusH  influence  of  temperature  on 
ignition  llslts  as  found  by  Satterfield  end  the  fact  that  both  investigators’ 
data  could  not  be  correlated  by  Equation  (l)  or  (2),  a  simple  correlation  of 
both  Monger's  end  Satterfield’s  data  in  terns  of  only  total  pressure  end  cole 
fraction  of  in  the  ppor  has  been  attempted.  These  data  ere  presented  ia 
Figure  1.  Konter’s  data(7)  are  shoun  by  dots  end  cresses,  the  dots  denoting 
non-esploslve  conditiens  and  the  crosses  denoting  enplosive  conditions, 
Satterfield’s  data'oHlO)  are  given  by  open  circles  end  denote  the  boundary 
betvean  explosive  and  non-esplosiva  regions.  It  can  be  readily  seen  that  a 
simple,  single  -boundary  line  can  not  be  defined  by  the  data  vithout  assuming 
the  eapsrinental  data  have  very  lev  precision.  It  is  obvious,  hevever,  that 
the  data  of  Ilongsr  end  Satterfield  egree  quite  veil  et  pressure  belcv  ebout 
U5  psia  but  disagree  ccnslderably  at  higher  pressures,  epparently  defining  tuo’ 
distinctly  different  llmhts.  Ihngcr’s  dmt-n  nt  elo’.'r.tsd  prcsc’jrcs  shev  con- 
sidisrsble  scatter,  but  this  Is  ur.h;m-st-:.r:,:::;h7.3  in  vi-ci?  cf  the  method  cmplc-ytd 


In  errivirg  at  th-e  vepor-phase  cc:'.jesit-f.ea  (c"*.;ulatsd  fr:a  emirapelatcd  Vwper 


V  ..W  6-. 

Icn.  In  r. 


7  case, 
itimg  &O2  VS- 


Aw— »  W  v—  a?-— 1  4.-.  --v...  v-.-i  ^  J- w W  1- -V-' V--  -  — T- V?  y  f.. 

li-quid  jhs-S3  esmpositien) ,  thus,  err-ssrs  cs'shd  em'iso  f:; 

Satterfield’s  data  indick:3'iitil2  er  mo  e-g'-mismeaef 
conccntrnticn  cn  rrsceuro  chovc  45  pm'a  r:  l-rger'c  d.-;ca  ludi 

clearly  that  the  limiting  vsper--hmma  comcerntratien^deersacos  os  pressure 
Increases. 

Eb  referenco  has  been  found  that  vsuld  directly  suggest  that 
kyiregen  perenide  vapor  rm-y  have  rmltipla  c;g;*osiva  limits;  hc.”3’.*cr,"raatipla 
limits  ere  femoa-n  to  cnist  in  b  emmimar  cf  c;~-;.loeiv3  Eyst-ams.  Fcr  cngmple, 

Eg-Og  gas  Eirtmres  era  hn-rma  to  hare  t::rsQ  ilult-s  es  ehoua  C--‘-^*4ativ22y  fcel<r^; 


Figure  1.  Explosion  Limits  of  H  O  Vapor 
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Tea^ieratiire 


Because  hydrosan  peroslde  vapor  deccrposition  and  Eg-Og  vapor  reaction  vould 
be  likely  to  yield  ainilar  inteKnadiata  spacies,  scr:-2  res/r.-blance  to  each  other 
could  be  anticipated  (such  as  Eultiple  er^losicn  ll:aits). 


Although  Figure  1  does  not  edsruately  define  all  the  conditions 
for  avoiding  vapor-phase  explosions  with  ^202,  it  doss  appear  to  provide  a  Eore 
general  guide  than  any  other  representation  knoxn.  It  is  readily  apparent, 
however,  that  additional  data  will  be  reipiired  before  the  enplooive  characteris¬ 
tics  of  hydrogen  porozide  vapor  can  be  fully  defined  or  understood  (See  Bectica 
IV,D,3»c,  of  this  report  for  an  interpretation  of  these  data  based  upon  the 
subscale  catalyst  tests). 


/ 


Globus  (^)  recently  stiedied  the  ez-plcsive  characteristics  of 
92-^  wt  hydregaa  psreside.  Ea  found  that  upon  hestirp  tha  naterial  in  Fibres  at 


ateosphsric  pre so^eres  that  a  vary  rapid,  but  cot  vio! 
occurred  Epontnnoouoly  when  e  t>.:'pcratur3  of  ZZ3'^  tr 
%  E2O2  in  the  voper  phase) .  There  ccrditlo-*3  era  1:2; 
region  dafiaad  by  Fiphre  1,  aai  tho  ccrarr;;v:ce  cf  an 
undarstandahlo.  Frepressurioiap  tha  Errpla  to  15  lo: 
terparaturs)  end  scaiing  pcra:ittad  Leotirp  to  ehout  ; 


por-phess  react ica 
iOd  (  **  7^  cols 


.3  the  crylooive 
.on  is  c — 00c.. ere 


p  u'lth  nitropan  (at  erhient 
;C0'?  (cno  errpia  crplrdod 


et  £>3*?  walla  encthor  renchod  301'^,  vr 
end  cooled  com  with  only  cinor  docerrpoo 
studies  to  faipoar  ler'ols  cf  prepre-srar-in 
Indicatsd  that  ths  prsoourisaticn  had  ea 
reaction.  Brepreesurinntion  to  5CO  poig 
allornd  S'S^  tydrepoa  reronida  to  bs  fcoat^ 
terporature  for  15  cin  tofere  e  pressure 


3  told  et  that  tc:-p:rr.tui‘e  for  5  cia 
itlcn  coo’rrrirp).  Eiricn'ica  of  these 
atioa  in  stcinless-stcol  berhs 
irhibitcry  efiiot  ca  ths  explosive 
with  nitrepaa  (st  e::bicnt  tcap^crature) 
cd  to  rrd'v'oaincd  et  that 

posh  occurred.  Ftepressurisatioa  to 
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ICCO  psis  alLr-^a  tis  rj:Ao::is2.  to  t2  fcsll  k2  r±s  rt  *.-0®F  tcforo  e  prc'rriro 
cccz^cd.,  ari  ipCO'psis  jprcprcrars’irr^.tica  aI2j:zz2.  hoXiizj  s.t  SCio'?  for 
84  sin  before  a  pross-ere  esonrsica  vaa  noted.  . 

'  • 

Globus*  results y  plus  tbosa  previously  cited  ftrcei  the  eub- 
Bcsle  catalyst  tasli,  aid  in  farther  dsfinir.3  ceplosiva  lisits  of  te'drepea 
peroside  vapor;  they  indicate  that  the  sissirp  perce'etsr  in  Figure  1  is  tires. 
Also  not  defined  is  the  function  of  ezplosive  property  on  Eyetm  eecrrotry. 

Both  of  these  paxeseters  have  beon  shaua  to  effcat  the  rate  of  dsserpositioa 
of  peroside  vepor.  ^ 

2.  Fercuic'o-TTe.t'r-Ci — r—-'- — 

Shall  Esvelopnent  Cerpery^^)  hrs  re-hllrhed  a  very  cerprehan- 
sive  errrrry  of  reseeroh  data  on  the  cefeiy  li'eitetlon  of  ^r202-P2D-crrrnic 
cerpsound  systceis.  This  srrrrsy  Is  not  repredueed  hers  beeeuee  of  its-  l-enjih 
end  the  relatively  enall  Irportance  of  such  sp-eteera  in  the  evaluation  of  hiph- 
strenpth  hydrepen  percuida  for  rochet  uca.  Ecr’ever,  the  euraary  should  be 
consulted  if  such  ^steeis  are  of  interest  for  core  other  reason. 

Shanlcy  and  Perrin^-S)  stv.iie-3.  the  relatlcnrhip  betueen 
thazral  properties  and  eaplcsive  properties  for  nirtures  ccutainirp  t^'dresen 
peroside,  vater,  and  soluble  organic  cor pounds.  It  has  b-oca  fenoua  for  sene 
tins  that  certain  Eistures  of  this  hind  are  e:~la3iv3.  In  the  stv-'iy,  it  vas 
found  that  sensitivity  to  initiation  is  about  the  cane  for  ell  Einturcs  tavins 
the  sans  heat  of  reaction.  This  relaticrrhip  ras  Crrour/irat-d  for  five  dif¬ 
ferent  orsanlc  censtitusats  er^  for  throe  Eobhods  of  initiatlca.  The  findirps 
provide  an  easy  basis  for  predicting  the  lihcly  rerpe  of  erplosivo  ccrpositicas 
of  untested  ninturos  containing  1:202  •  reprert  should  airo  be  consulted 

vhare  such  systens  ere  of  interest. 


£:;:;3a  C:.  r^: 

F2i2)'unirp  the  Zzz::  :.l  Iu;,a  blc-h  bh:  c 

(ccrpcrcu  to  r.:;icr  an  a  bb;:::'i)  fer  \uvic:u;  cc: 
is  £lrcu  in  the  t  J-P-o; 


that  the  Garnans  parfemsd 
{’:D  to  ICO;; 
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%  «t  Er.02 


Es?ri:i3icr>,  ce/a 


*  Ctepared  to  I'Ster  as  a  blaaS. 

j  pia  ^)losive  strar^th  of  bjr5rc::an  parorlda  is  cot  very  hi-i 
^en  e^^ed  with  oistwres  containins  oresaie  ccr-otsds.  A  calerilatioa  by 
the  U.S.  E-arean  of  llinas  icdicatcs  that,  tho  ea^lcaivo  eaa?'-'/  ral— --a  fo-  tfca 
c^lete  daec^ositioa  of  $0%  E2O2  to  vatar  e-d  vov2d  ba  ab^ut  sh  S 

the  energy  released  frea  an  equal  valght  of  S:2(l)^  ^  ^  ° 

C.  DSTOSATIOil  CEliffiACTESlSTICS 
1«  Liquid  E*irfro~".n  Psrorrlda 


4-via\<A-k  *•«  paveloi=:eat  Cerpary  reports  that  the  Geirsns  inyestlf’at«d 

v^ious  ccaccatratlcns  of  fcydropea  parcsida  nslns  •'* 

SvL  b?  ^tical  n^had.  A  fc^  other  q^^atitltiva  resulti^ere 

given  by  /•  Tiis  gts  giv'cn  in  'th3  rolicuir^  tebie; 


Pc~2  9 


Ejdrc~aa 
Ferosida 
Coac.  ,^3  V 

Test 

i:ctbod 

Tuba 

Eotorial 

Eaitiattea 

Velocity, 

e/css 

99.7 

Optical 

'  25/30  V2A 
Stedaless  Steel 

30  ga  FSTS 

6500 

99.7 

Optical 

25/30  V2A 
Staiiiless  steel 

30  ga  FuiH 

Failed  to  fc^e^ta  * 

^.7 

Optical 

25/30  V2A 
Staialcsa  Steal 

30  ga  Fu3 

Failed  to  Prcr.~::2t3 

100.0 

Datttrichs 

15/20  Glass 

f 

K)  detcraticn 

ICO.O 

Baiitrlc!:^ 

15/25  V2A 

30  ga  FITZl 

£»  dstoratiea 

100.0 

Eautricha 

25/30  V2A 

30  ga  F_u2l 

6500  to  7000 

Variotts 

Proa 

100  to  96 

t 

'  25/30  V2A 

36  ©3  Fin 

6000  to  7000 

« 

Various 

Belov 


25/3^  V2A  30  ^  THIS  So  detosatioa 


34/37  Steal  50  ca  Fcat^irtts  Dstcaated  10  ca 

34/37  Steal  50  £3  Fcatlarits  Eetcnztcd  total  1 

of  tu!j3  ,  25  C3 

34/37  steel  50  ea  Ftotls’ito  Eetooetcd  totsl  1 

of  tube,  23  ca 

Tbia  Called  •  t  So  dstcratioa 


It  is  csTicus  fro  tue  precedlu^  Ijifcoatioa  that  tha  Ea02-H20 
o  cca  dctcrr.te  vit?i  e  vsloaity  of  COCO  to  T^^'OO  c/cca  vboa  tba  t^drc^oa 
"tie  co:'-.::':b':;;ilca  is  cr  creator.  Belcv  ebcut  -s 

Cirricult,  if  poacibla  ct  cH,  to  cbtela  a  prej^catirs  dotcotica  et 
■-Ui  ti^z  ^ -.ace# 


Fc-co  20 
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tisre  recent  Esa3*iirc:i2at3  tr/  Elce^  cn2  ecafira 

the  results  presented  tJrns  far.  Shair  data  laaieate  that  Es^arc^ran  percsida 
can  be  detonated  at  enbisat  tesseratura  la  a  2  or  4  ft  lesjtb  cf  l-la.-E) 

(0.17  in.  vail  thictrass)  pipe  usir^  20^  of  tetryl  as  tba  Initiator.  A  10”^ 
charge  of  tetryl  vas  insufficient  to  obtain  a  prepegating  fis-iozatica.  Erepaga- 
tioa  could  not  be  obtained  in  enaller-dienatsr  pipes  (0.75  or  O.JO  in.)  even 
vltb  40"a  of  tetryl  as  the  initiator. 


It  can  be  deduced  that  the  failure  radlxis  for  this  eystea  is 
of  the  order  of  1.0  ca  as  contrasted  vith  shout  0.2  esa  for  the  olxtures  vlth 
organic  cerpounds.  Assusing  that  the  activation  energy  for  the  e^^losive 
reaction  is  of  the  order  of  a  fetr  heal,  a  reaction  zone  length  of  about  0.5  ca 
can  be  estimated.  This  high  a  reaetion^zone  length  is  in  accord  vith  the 
relative  inssnsitivity  of  the  systsn'^J. 

Assuialng  a  reaetion-zons  length  of  the  order  of  0.5  ca.  It 
is  q^lte  possible  that  a  region  eTlsts  at  high  hydrogsn-pereside  concentrations 
In  a  systea  containing  an  organic  cerpousd  there  a  standard  irpaet  test  viU 
give  a  negative  result  '|mt  vhere  the  system  is  still  potentially  capable  of  a 
high-order  datonatlonvl) . 


.  .  An  abstract  of  a  report  vhich  vaa  not  available  In  original 

fora'^^/  indicates  that  detonation  can  be  obtained  at  concentrations  as  lev  as 


66^  under  h« 
4500  n/sec. 


&vy  confinnnsnt  and  that  the  detonation  velocity  is  of  the  order  of 


2.  Hydrogen  Percslde  Yanor 

Monger  et.  al.^^^  have  conducted  experlcants  at  2.90,  6.77» 
and  14.7  psia  to  obtain  inforsiation  concerning  the  dstocatloo  characteristics 
of  hydrogen  perosids  vapor.  Within  the  cnpsrisental  conditlccs  crployed, 
no  detonations  vere  observed  at  2.90  cad  6.77  psia.  At  afenospheric  pressure, 
detonations  trtth  a  velocity  of  670O  rt/see  vare  observed  in  vepor  vith  a  cc::po- 
sition  of  35  cole  percent  tydregea  peroaide.  Erpsrirsats  et  hlphar  ccnccstra- 
tlons  vere  attcaptsd  caay  tlziea  vith  several  Esdificcticas  but  vere 

unsuccessful  bsceus.'  off  epcataaecus  decci-'posltica  or  prexnture  ignition  off  the 
vapor.  The  dstoaatloa  tubs  itself  vsa  an  8-ft  length  of  2-in.  Eehedula 
80  6063-T6  alualnua  pipe. 


The  detonation  cLsracseristics  off  these  eystsns  cm  described 
in  a  ctr^rshsnsiva  rrresry  off  resssreb  data  on  safety  lis:lt»yic3'^).  This 
source  should  be  consulted  vhea  considering  hydrogen  pcrcsida'  containing 
organic  expounds. 


(Cxie  page  is  Cnclasslfied) 
Esgs  11  ^ 
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2).  lonEn  Aia  Emurs  cissaks^zsjiss 

1,  Autof-"Talolon 

(u)  Very  little  definitive  data  are  evail^le  on  the  eutoi^jaitica 
of  concentrated  hydrogen-peroxide  solutions.  The  data  that  are  available 
clearly  indicate  that  ignition  takes  place  in  the  vapor  phase  and  is  propa¬ 
gated  back  to  the  liquid  surface.  Undoubtedly ,  the  ignition  is  caused  by 
heterogeneous  decoz^sition  on  the  container  vails.  BeceoV^?)  reports  that 
autoignition  occurs  tdien  heating  90$  hydrogen  peroxide  in  open  stainless  steel 
beakers  and  the  bulk  tes^erature  reaches  275  ®F«  Globus  (12)  reports  that  auto- 
ignition  occurs  vhen  heating  98$  hydrogen  pero^de  in  Fyrex  and  the  b\ilk  tcza- 
perature  reaches  288^.  See  also  Section  B,1  for  infoxaatlon  on  vapor-phase 
ignition  and  explosion  characteristics. 

2.  Ignition 

(c)  Rocketdyne(5)(6)  reports  that  the  ignition  of  90$  E2O2  at 
atzaospheric  pressure  could  not  be  obtained  with  a  hot  (1600  to  ISOO^F) 
nlchroQe  resistance  wire  placed  in  either  the  vapor  or  liquid  phase  vhen  the 
bulk  tesrperature  vas  below  230*^.  Above  this  temperature  (at  1  atn)  ignition 
was  rapid  when  the  source  was  placed  in  the  vapor  phase  just  above  the  liquid 
surface.  Ignition  beeai.'.e  increasingly  difficult  as  the  scurce  vas  roved  frea 
the  surface.  Ignition  was  not  obtained  vhen  the  source  vas  irmsrsed  in  the 
liquid  even  idien  the  bulk  liquid  tc^rature  vas  above  230*F.  The  situation, 
was  sinilar  at  30  psig;  however,  the  cinirua  bulk  liquid  tc^erature  had  to  be 
at  least  242*^  to  obtain  ignition.  At  100  psig  ignition  failed  even  at  bulk 
liquid  tes^'eratures  of  330 *F,  probably  because  the  vapor  was  dsccmposlng  on 
the  container  walls  or  diffusing  into  the  atmosphere  so  fast  that  the  vapor- 
phase  cozapositloo  vas  outside  the  Ignition  limits  -  see  also  Section  B,l. 

(•')  Karshall(^)  has  detemined  the  quenching  distances  end  ninl- 
onm  spark- lgn:'.tion  energies  of  E2O2  ♦  E2O  vapor  sixtures  containing  bstreca  ^5 
and  50  tsjle  $  H2O2  end  at  pressures  betvsen  25  end  200  E3  Eg.  The  vapor-  tca- 
peratiire  was  in  each  case  9*0  above  its  cendsnsstion  temperature.  The  cathod 
used  was  that  of  passing  cepscltance  sparks  betuaen  electrodes  fitted  vitb 
parallel  flanges  at  their  ends,  the  electrode  separatlca  being  variable.  A 
flow  apparatus  vas  used  because  of  the  readiness  with  which  E2O2  decc.'.poses  on 
surfaces. 


(u)  Tiis  quenching  distances  varied  bstveea  0.51  trA  I.63  ca  end 
the  ignition  energies  betmsen  0.53  &nd  25.5  cillijculcs,  decrenelr.g  with 
increasing, E2O2  content  end  pressure.  All  tho  results  fitted  tha  equation 


f 

i 
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Kfesre  is  tbs  isnitloa  easrsy  {in  cj)  end  &a  is  ths  c.ti2as!l25  filstsaae 
(in  ca).  Ea  diocasssd  tlis  results  in  tasas  of  otbsr  aycpartics  of  tlia 
mixtures.  ^  ^ 

3.  Flgie  S'?;esd 

(c)  Baussartner  et  al.(l9)  studied  the  flsas  spaed  of  deccrsosina 
hydrogen  peroxide  vapor  near  the  flesaable  llait  in  a  2-in.-dia  tube.  3^-y 
found  fleae  speeds  as  high  as  70  ft/see  but  found  no  correlation  between  neae 
speed  and  hydrogen>i>eroxide  concentration. 

^  velocity  is  not  the  burning  velocity  which  is 

defined  as  the  velocity  of  the  reaction  zone  front  with  respect  to  the 
^burned  gas.  The  burning  velocity  is  characteristic  of  the  gas,  concentra¬ 
tion,  temperature,  and  pressure;  the  flesa  velocity  is,  in  addition,  da^snd^^nt 
on  the  et^aratus  used.  . 

U.  Burning  Velocity 

(c)  buml^  velocity  of  90^  hydrqgen  peroxide  at  0  and  30 
pslg  has  been  nsasured  in  8-!=n-ID  tubes  by  Rochetcyn  .(o).  Such  tubes  were 
selected  because  the  literature  appeared  to  Indicate  that  wall  effects  were 
negligible  in  a  container  of  that  size.  Ignition  was  accarolished  with  a 
^chrcsae  resistance  wire  heated  to  a  bright  red  color  (I60O  to  I800T).  IotI- 
t ion  could  not  be  obtained  in  either  the  vapor  or  liquid  phase  when  the  bulk 
^quid  te^rature  was  below  230*P  at  0  psig  or  below  242“F  at  30  pslg.  Imi- 
*f**330*]r^  acccsqpUshed  at  100  pslg  even  at  a  bulk  liquid  t€a5)eratT»e 


Figure  2. 


Pressure,  rstg 


The  burning  rates  obtained  are  summarized  below  and  in 


RIRHIEG  0?  CQ-f, 
Averfre  T — i-'rn 


Burning  Pate,  c^/eec 


/aee 


f» 
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fehat(20)  has  fiirzarized  the  buraics-velocity  data  on 
hydrcssa-psroxlde  deccri^sositlon  flczes.  Eis  evalmtioa  of  the  data  Indicates 
that  there  is  no  dspccdsaee  of  the  burzxics  velocity  on  the  vapor  velocity.  Ee 
reached  the  foUovirs  conclusions; 

a.  Burning  velocities  of  EgOa  vapor  mixtures  are  veil  cor¬ 
related  by  the  product  of  the  square  of  the  burning  velocity  and  the  pressure 
against  the  reciprocal  flaae  temperature  as  by  more  ccs^licated  relations. 

b.  The  reaction  in  the  flsae  is  approximately  first  order 
vlth  an  apg^arent  activation  energy  of  35  hcal/oole. 

e.  Burning  velocicy  is  cot  a  sensitive  enox;^  paraz&ster  for 
a  study  of  the  final  points  of  reaction  mechanism  in  the  fl&ae. 

d.  Useful  correlations  of  burning  velocities  of  E2O2  vspor 
m'jctures  end  liquid  solutions,  of  h\nrning  velocity  end  quenching  distance,  and 
of  approximate  flashback  and  blovoff  limits  vsre  obtained. 

t 

E.  HttSIOIOGICAl  m'hCfS  AJID  FIEST  AH) 

1.  Effect  on  the  Senses 

ScbuBb  et  al.(^^)  has  described  the  effects  of  hydrogen 
peroxide  on  the  senses.  They  state  that  hydrogen  peroxide,  like  water,  has  no 
apparent  flavor;  however,  it  d'vss  induce  a  sensation  of  astriogency,  scaetimas 
described  as  "metallic".  An  erfervescence  similar  to  that  of  soda  water 
occurs  as  the  hydrogen  peroxide  decomposes,  giving  a  prickling  sensation.  At 
high  concentrations  all  these  effects  in  the  mouth  are  heightened  to  the  point 
of  painfulness,  to  say  nothing  of  the  hazard  of  burns. 

They  further  state  that  it  is  difficult  to  characterize  the 
aaell  of  hydrogen  peroxide.  In  feet,  it  is  questionable  whether  or  not  it 
affects  the  olfactory  cells  or  merely  stimulates  the  general  nerves  of  the 
nasal  cucots  maabrona.  Concentrated  fcydrepen  peroxide  canlfesta  little  odor 
unless  ccensloa  is  deliberately  tahen  to  iri:ale  near  the  surface  of  tha  liquid 
or  unless  it  is  spilled  extensively.  Tha  senaatioa  perceived  is  then  renini- 
ecent  of  OZOTJ3  or  of  tha  halogens.  If  circumstances  arise  to  cause  tha  dis¬ 
persion  of  corstdsrcble  kpdrc^ca  pcroxica  la  tha  air,  as  in  a  mist,  considera¬ 
ble  irritatica  shortly  ensues.  Prolonged  breathing  of  such  an  atmsphere 
induces  g-sr  iT-g  such  as  is  caco’untsred  with  troonia  or  sulfur  dioxida  and  is 
accompanied  by  a  burning  sensation  in  the  nasal  passages. 

2.  rein 

The  effect  of  hydrogen  peroxide  on  human  akin  frcaa  dif¬ 
ferent  i^xts  of  the  hands  has  been  described  ca  tha  basts  of  a  toxicological 
atudy  conducted  at  K'untsvilla  ArssnalC^l) .  A  thin  esrar  of  concentrated 
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tyZitz--^  rccrcxVIs  to  £'~2.n  rr:*ra  t!i3  is  fliers  c”i  r-trvo  cr'-Irj 

t':,^;:l:;,::i  (3.3.,  t:.11;.;-5  £."3  fir::r'if::;.:i)  ci-tno  £3^c.£::  pri:.!;::!:;' 3  c.:J  f£:..:-:,t:-.  3  cf 
cz~'^2  vlilio  tlio  t3:d3  is  r:::*£3..I  to  to 

poi-ftil.  23:2  tulto2033  is  fcro£:;it  Eiout  ty  refreotio^  in  tlio  ££3 

foo"::i:3  ty  tno  cloocr.rc'oitisa  t::.'.?  tno  first  I'^sr-of  sinsi.  Inr-c?  r:~lica- 
tiens  nnj  ennss  rclf-onirs  and  arpeorersa  of  pc.pnlc3  possibly  foIlc:rcd  by 
tliiclisnirs.  Ca  otbir  eld-a  eress  •Eb.-ore  tbs  ksratia  Is  tbiensr,  irritation 
occtirs,  b’jfc  vith  less  itcbln^  and  tbs  vbitenins  is  cenfinod  to  a  ferj  cress  at 
tbs  base  of  hairs.  Tbare  is  co  evidsace  of  penetration  deeper  than  tba  first 
layer  of  gitln  (strati::^  corcs'ra)  end  ell  these  effects  disappear  vithotit  trace. 

First  aid  for  aVin  contact (22)  (23)  iccludas  imediate 
flushins  vith  water  (speed  is  core  Irportaat  than  tbe  lerptb  of  tins  the  eroa 
^8  fltzsbed)  end  tba  epplicatioa  of  clean  cca-prsoees  saturated  with  a  solution 
of  1  pert  potessiun  parxrrpaaate  in  SOCO  parts  of  u"trr.  I'.ae  ea'-^reo'cs 
should  ba  left  cn  about  5  nin  cad  roeaturatad  with  t?aa  peea  r.  'praato  cclaticn 
as  necessary.  If  redness  or  blistsrins  is  evident,  a  physician  should  ba 
consulted. 


3.  ^(2l)(22)(23) 


Exposure  of  tbe  eyes  to  splasbss  frea  ccnccstrstod  tjrdropan 
peroxide  Eusy  couse  severe  dana-pe  Includinp  ulcsraticn  of  tba  cernoa,  vith 
resulting  blindness.  It  should  be  noted  that  there  rary  ba  a  delayod  eppaar- 
anee  of  darsgs  to  tba  eyes  end  corneal  ulceration  noy  eppasr  even  a  verb  cr 
ttore  after  exposure.  A  veporisieg  leak  will  sting  slightly  end  cause  vntsricg 
of  the  eyes  but  no  real  dnsspa.  Xssta  vith  rabbits  in  vhich  rr  all  ensunts  of 
90^  E^-2  (nssr  1  cn3)  vsre  applied  to  tba  comaa  predused  efTcete  very  closoly 
rescnbling  those  seen  in  tbe  ehia.  The  effects  diaerp-hred  without  residual 
injury  in  a  few  days.  Larger  ens-’onts  (near  3  csS)  tpparcatly  produced  pornn-  . 
Bent  blindness. 

First  aid  for  eye  exposure,  even  to  cinute  cuantltlcs  cf  cen- 
ccstratcd  fcj'drcpsa  perenida,  calls  for  t::.::..: dints  flrphlrp  with  cud  t’uLs 

flush'jug  Ehc^dld  ccati;.'U3  for  15  rln.  ills  in;y  to  ful*.ou,:l  ty  rir^lug  vith  a 
S;S  colutlca  of  boric  e.:;id.  For  cry  ca~3  cf  eyo  crporuro  to  the  ecuoentratod 
liquid,  ca  eye  epociulist  cho’uld  be  ccaoultcl. 

i». 

r;:.5  Ar;y  I!:dicol  Coutcr.  ’Pdlcal  ilufriru.  has  rorfurrrd 


calu  e.'l  c: ‘"oar'-I  e.':..,..'1.  dus  Jl;dioai  riudalcn  cru”'lu'::d  tpa  cr.wls 
irialKdlon  fu-rd  of  air  ea^raiud  with  T/Pp  vapors  (at  toMaot  t  /prra- 
tuxos)  is  rclaUvuly  lauipuifiaani.  Shs  iudoioaiioa  cf  larger  q:u.at'tl-s  of 
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fcj^rcs33  perczlf  a  vrpor,  borever,  csy  cst^e  cstrcia  irritatica  era  isfXcicia- 
tica  ia  tie  eo's  crd  threat  erd,  if  prolcr-jed,  ca.:  prodrae  s-jellir^  cr 
eccrralatioa  of  fluid  in  the  lungs.  The  threshold  licit  for  hrrdrcgca  pssorids 
vapor  vas  set  st  1  ppa  but  has  recently  been  raised  to  7  ppai^^). 

First  aid  for  inhalation  closure  (22)  carely  calls  for 
reaoving  the  person  frea  the  conteslnated  area  and  supplying  plenty  of  fresh 

air. 


5.  Ingestion  (Oral  Intake) 

The  Ingestion  of  dilute  hydrogen  peroxide  has  been  found  to 
catise  no  adverse  effects (21).  Concentrated  solutions  era,  hovsvsr,  cause 
bleaching  and  slight  swellings  of  the  lips  end  r:outhp2)  end  swallowing  coy 
cause  blesding  free  the  lining  of  the  stccach(21)(22).  Additionsllv,  swal¬ 
lowing  presents  the  danger  of  ruptxire  fhea  violent  gas  evolution(2l). 

First  aid  for  ingsstion(22)(23)  includes  encouraging  vuciting 
and  eructation  (belching)  ar^  giving  lukewtara  water  or  wara  Bilk.  If  the 
south  is  burnt,  the  pain  and  swelling  can  be  alleviated  scsewiiat  by  sucking 
ice.  Refer  further  treatcent  to  a  physician. 

F.  FES  EiZA2I!S  AS)  FES  COSSOL 


Concentrated  liqtild  hydrogen  peroxide  is  not  flacnable  in  the 
usual  sense;  however,  once  ignited,  it  will  "bxrrn"  rapidly  as  a  continuous, 
hot,  nearly  invisible  vapor-dccccposition  flcce  close  to  the  surface  of  the 
liquid.  The  high  terpsraturo  of  this  flona  front  (  **1350*?  for  90^  HgOg  and 
•*  1700 "F  for  SS/j  EgOg)  esa  produce  ccnsidorehle  fire  daraaga  itself  but  also 
serves  to  Ignite  ccchustibles  in  spill  areas.  Cochustible  saterlala 
(including  ordinary  clothing)  V;:lch  are  wetted  by  concentrated  hydrogen 
peroxide  cca  be  ignited  very  readily.  The  vapors  above  90^  EgOg 
Ignited  by  an  external  source  when  the  liquid  tc-ppreture  is  near  230*5’(5)(6) 
end  they  can  eutefrnita  at  tcrq-eraturcs  caor  9-5  E2O2  can  euto- 

Ignite  at  2C3'i’(^).  Once  a  fcydregon  porenida  daccaposltioa  ficae  is  estab¬ 
lished,  it  will  continue  until  the  liquid  is  conounad  or  until  diluted  or 
cooled. 


The  best  coons  of  controlling  hydregon  pcaroxlde  fires  is  thro*ag^ 
the  application  of  water.  Chouical  firo  cxtlrguichors  should  cot  be  used. 

0.  Ltriirf 

The  ru3.S3  asd  prscautlcns  thst  are  rcccnuended  for  the  safe 
handling  end  uaa  of  rcnccutratcd  fcycrccoa  peroxide  wore  listed  in  l-;,ipendix  IV. 
In  additicn,  £r,y  h'rdliag  c"  r.ratlcn3  cI:ould  be  porforo'od  by  two  or  more 
Fsreons.  The  statisuing  of  cne  con  near  a  water  source  so  he  can  readily 
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3  r-io  r~~73i  (c-zfs.) 

It-^ 

-s  <**  ^«  <!  •*KV»  4 

l^srsMrts 

Eocroa 

Baeron-cottoa  (can  ha  Is^iited 
If  soiled) 

Alcsac  Enittirs  IXlls, 

Eav  York,  E.Y.  (Cpec. 
lot,  Ein.  erdor  10  dos.) 

Carni-Mnsbrccka 

Corporation  , 

Socks 

Knit  dacron,  do  elastic,  i^ta 

Eynel  fahric 

Eolston  Ilfg.  Co., 

Kcozvilla,  Ssnnsssaa 

Eissrcus  ccsz-arcial 
eoarccs 

Belts 

V  Vinyl  plastic  vlth  plastic 
hackle 

Eizierciia  crrTrsrcial 

Eoarccs 

Gosgles 

ViUsen  iksncssCSla*  Eo.  93 

AV  larsa  nosa,  clear 

EAP-I-CirZJi,  Jbdal  293^^57, 
Series  29,  clear  lens 

Willson  Rxdaets,  lae., 
EaadiE3,  Pa. 

U.S.  Safety  Service  Co., 
Ecssas  City,  1^. 

doves 

Sureseal,  gsnatlet,  vinj‘1  or 
Esepresa,  Eo.  216  (lis*^  vt. 
for  lab  use)  or  Eo.  135 
(csd.  vt.  for  vork  ttsa) 

Bursty  Euhher  Co., 
Carrollton,  Ohio 

Face  Shield 

EsUstron,  Eo.  324,  clear 

Watson  Co.,  Buffalo,  H.Y. 

Goods 

8  Eil  vl:yl  plastic  vlth 
vlcCev  of  E,ethasrylata, 
fistaelehle  hsivi  band 

Kilhum  Ccrpsry 

Betroit  7»  llichisaa 

Skoes 

6>ln.  Ecepreao  coated, 

Eo.  530»  steal  tea 

QiJlds  &  Co.,  Znc.,  Iren 

Ape  Blv, ,  Pittsburs4  12, 

Pa. 

IN*  ♦  • 

<4Wwwr%^B 

Fall,  Eeoprena  vith  tc-^aa 

Eernrous  ccsr^ercial 

Ecurccs 

Boots 

Eaopreae,  knsa  Icnyth 

Iteercus  ccssarcial 
sources  • 

Booties 

Vinyl  plastic,  ll-kt  vei-ht, 

fiiaj.5;;a"^'l3,  doeblc  sola 

KIm  Safety  Appli&neo  Co. 
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Overalls 

For  Ecrr:.:il  hinrdlirs  cr.1  trsncfer  cpcr-'ilc^,  tia  pc-ncsiSle 
clotMcs  offers  eio^i’erio  protscticn  rl'.ca  vc-ra  vitla  C"ZZ^^>  c1ctz3,  eiil  recea- 

Esaied  fcst-jeer.  I;:perr.cibl3  clotliias,  fccTivcr,  *C3  ve:jn  ia  C32r~eacie3 

Basil  es  f^ica  IsaSiaj  a:^  eplaebiaa  of  £;rcirc2-2a  is  lilzsl^  to  bs 

encoaatcred. 

Wintar-a'si^ht  protectlva  clothlra  for  outfloor  service  is 
described  in  the  follcvlE^  table. 

TYPicu  cuz::ci  tirzii-t-icir  e;c”c:3I?3  ciczzrs  r-c2  r^-Oo  crrTicj 


r'’'*r5e 

Aprons 

8  Eil  vir^'l  plastic,  ctrcssa*8 

Ililbam  Co.  - 

* 

type,  ertra  long,  ovarlappis^ 

in  bach  vith  front  tics 

* 

^^szms^ls 

Fiberthin  Eoyaster,  ITsoprene 

n.S.  Esbber  Co., 

Jechet 

coated  u^'lon,  III3-107 

Waehigston,  lad. 

IsBsmsabls 

Fiberthin  Ecynster,  tZlO-107 

U.S.  ^dsber  Co. 

Pr-vTca 


Trousers 

55p  Eacrea-US^  vool,  no 
pochsts  or  cuffs 

Worhloa,  Inc., 

H.Y. 

Shirts 

55^  Eacrc3-45^  %nool,  sport- 
type,  poli'otyrsne  buttons 

Uorhloa,  Inc. 

Csps, 

Jaohsts, 
end  Fcnta 

ICC^  Encrca  pile  lininp  end 
outer  Entcrial 

O.W.  Ior3  , 
Fabric  liv.,  I: 

UIsc. 

Boots 

roor~=-3»  inmdntcd.  Slnilsr 
to  U.S.  e’-l-rvlbor. 

noc-d  Eobber  Co 

•»  •?•  f 

iHw  vd-^j  r. 1  CC  .  ^  Jwt  bc-^ts 

Fcr  c:.-r~"r,e7  uca,  4  t'T'rr.'rhle  vir^l  cprca  or  coverall  end 
hood  esn  be  vora  ever  tv:3  pile-liaod  clothir^. 

2.  r  ..- ,.„(22) 

Erl"~3-t'-7e  cef  cty  chovirs  r-ost  be  evail'ble  ia  ere  as  rhsra 
l^i-c^ea  psrcaf.''3  is  Eicrcl,  teriJl-cd,  or  used.  b>.sa  it  is  l,."rs,sttc»*bla  to 
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to  isistsll  psr7j:-.tat  c-r^iiir-sat,  &  c'zz 

vstsr  fcssa  c:-!  Euitsbla  no^sls  or  elzsze  t;sd, 
prior  to  tcsirairs  c2C^2,tios3  each 


.’wT  cas  fc2  Irprcvlsci  frcai  & 
Shaso  Ehc'iitra  eh^rald  to  tasted 


IJhsn  heavy  hyi2rc:ian  psreodds  vapor,  Elsta,  or  eercaolo  era 
encountered,  gas  nasha  esn  he  %?om  to  protect  tha  respiratory  eystsa.  Only 
BKska  epproved  for  this  purpose  by  the  U.S.  Bureau  of  Ilines  should  be  used  end 
the  nanufUeturers  instructions  sust  be  eerefuUy  foUs^insd. 
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The  East  videly  eccepted  E:sth5d  of  dirpesirp  of  vasts  fcydrersn 
psrozlde  is  dilution  cxi  d-x-pirp.  Csns'ntrc.tsd  tpCxcpcn  pcrcrids  cl'jsuld  be 
diluted  es  far  ns  practical  tat  vlth  et  lcca:t  ferica  its  volino  of  vatcr  end 
preferably  vith  ten  tires  its  volura.  Ceos  diluted  tro  perenida  can  be  derpod 
into  en  open  bod/  of  fatsr,  into  an  epea  drainepn  ditch  that  is  cleared  of  all 
cerhustibies  (end  preferably  coctninins  \rater),  or  into  a  Eorer  or  cloecd 
drain  (providlps  ccrhustible  mterlals  era  cot  clco  drrped  into  the  caaie  drain 
and  that  a  largs  cro’cnt  of  voter  is  edlod  dnrlns  end  citer  the  dnrpinj  process). 
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